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Twelve Atlas Copco 
Air-Hoists 
do four years’ 
precision work... 


withouta singleday’s failure. Four years ago Briggs Motor 
Bodies, a Ford subsidiary company, installed twelve Atlas 
Copco air-hoists in their Southampton factory. They have 
proved a most worthwhile investment. Atlas Copco air- 
hoists are easily controlled at lowspeeds without costly ad- 
ditional mechanism; this means that heavy parts can be 
lowered accurately with the minimum of manhandling. 
And it saves a great deal of time where accurate placing 
is vital. Furthermore, the radial air piston air motor’s 
low air consumption makes the hoist very economical in 
operation. Add to this the fact that in this factory not 
one of the twelve air-hoists has broken down in four 
years’ constant use, and you will see the obvious advan- 
tages Atlas Copco can give you. 


World-wide sales and service 


The Atlas Copco Group puts compressed air to work for 
the world. It is the largest group of companies special- 
ising in the development and manufacture of compress- 
ed air equipment. It embraces Atlas Copco companies 
or agents manufacturing or selling and servicing Atlas 
Copco equipment in ninety countries throughout the 
world. For further details of the equipment featured 
here, contact your local Atlas Copco Company or Agent. 
If you have any difficulty, please write to: —Atlas Copco 
AB, Stockholm 1, Sweden, or Atlas Copco(Great Britain) 
Ltd., Beresford Avenue, Wembley, Middlesex. 
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Atlas Copco Manufacturers of 


Stationary and Portable Compressors, Rock- Drilling Equipment, Loaders, Pneumatic Tools and Paint-Spraying Equipment 
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material, to breed plutonium at a rate 
DOUNREAY 50 per cent greater than that at which it 


The United Kingdom Atomic Energy 
Authority’s establishment at Dounreay 
in the far north of Scotland, a description 
of which is continued in this issue, 
is intended to be the site at which 
the engineering, chemical, irradiation 
and safety problems associated with 
the operation of advanced types of 
nuclear reactors can be investigated 
on an industrial scale. Unlike Calder 
Hall, it is a name probably still only 
vaguely recognised by the majority 
of the public. Yet the work of this 
establishment will inevitably be—and, in 
fact, already is—an important indicator 
of the way in which a considerable propor- 
tion of our limited scientific and tech- 
nological effort is being committed in 
the nuclear reactor field. At the present 
time, this country’s main effort is directed 
towards developing and exploiting the 
gas-cooled, graphite-moderated reactor 
of the advanced Calder Hall type. Despite 
apparent American scepticism of this 
line of development, we are convinced 
that this policy is right. As we have 
pointed out in the past, there still 
remains tremendous scope for the logical 
development of this essentially simple 
system. Dounreay, however, has been 
built up around an entirely different 
reactor, namely, the fast breeder reactor. 
Though, no doubt, other reactor systems 
will soon follow, and, in fact, a materials 
testing reactor is being built and a start 
has been made on the cjvil work for the 
Admiralty submarine project on the 
same site, for several years to come the 
name Dounreay is likely to be associated 
with the first fast breeder reactor to be 


built in the United Kingdom. This fast 
reactor is poles apart from the Calder Hall 
thermal reactor. The former uses highly 
enriched fuel and liquid metal cooling, 
has a highly rated core and no moderator, 
whereas the latter uses natural uranium 
and gas cooling, has a low fuel rating and 
employs large quantities of graphite as the 
moderator. Anyone walking round the 
Dounreay site on the recent open day 
must have been struck not only by the 
size and complexity of the fast reactor 
itself, but also by the extent of the labora- 
tories and chemical plants that occupy 
the same site. As many of these plants 
are required to support the operation of 
the fast reactor, one inevitably begins to 
ask why so much effort should be devoted 
to fast reactors at this stage. 

Though thermal reactors using natural 
uranium will give economic power in 
the near future, they will require periodic 
make-up with fissile material, and by 
themselves they cannot make use of the 
vast part of the uranium, uranium—238, 
which is non-fissile. This, however, is 
exactly what the fast breeder reactor 
should be able to do. From work in the 
United States on EBR1, and at Harwell 
on the zero energy systems Zephyr and 
Zeus it has been convincingly demon- 
strated that breeding (i.e. the replacement 
of each fissile atom destroyed, by more 
than one atom of new fissile material 
produced by the capture of neutrons in a 
fertile material) is possible in a reactor 
operating with neutrons in the fast energy 
spectrum. It should eventually be 
possible, with reactors using plutonium 
as the fuel and uranium-238 as the fertile 


is destroyed. Thus, if full use is to be 
made of the world resources of natural 
uranium, the fast reactor becomes an 
essential part of any reactor system or 
combination of systems. But, though 
fast reactors promise a high utilisation 
of uranium, they demand a high initial 
investment of fissile material, material 
which will not be readily available in this 
country until the nuclear power pro- 
gramme is well established. Even then, 
it can be argued that, at any rate in the 


short term, it might be more economic for 


some of the plutonium so produced to 
be used for enriching fuels for thermal 
reactors. 

When one contemplates the various 
types of reactors that have been proposed 
during the past few years, it may seem 
odd that Dounreay should be devoting 
its first major effort to an apparently 
long-term objective. Yet, though so 
very different from Calder Hall it does 
form a complementary part of a logical 
pattern. In the jungle of possible nuclear 
reactors that will have to be considered, 
and from time to time reconsidered, in 
the coming years, it is essential that we 
have some firm base lines from which to 
start our comparisons. Each system 
usually has some feature to commend it ; 
some drawback to set against it. Any one 
system will demand considerable scientific 
and technical effort for a full assessment, 
and so a thorough study can be made of 
only afew. As we have said before, much 
will depend on how skilfully the choice is 
made. Calder Hall has given, and will 
continue to provide, a base line for the 
thermal system. From this experience 
it should be possible to assess the relative 
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advantages or disadvantages in cost or 
ease of operation of other thermal 
reactors. In the same way, the Dounreay 
fast reactor becomes an essential and 
complementary starting point in our 
assessment of advanced reactor types. 
Though it presents difficult engineering 
and metallurgical problems it is in con- 
ception a simple reactor. We cannot, 
however, know whether such reactors 
are ever likely to be economic as power 
producers in their own right, or only of 
use as breeders in support of thermal 
reactors, until we have practical experience 
of running a fast reactor at power. The 
economics of operation, for example, are 
dominated by fuel costs, and much there- 
fore depends on finding suitable alloys 
of plutonium and uranium that can with- 
stand high irradiation by fast neutrons 
without excessive deformation. Although 
fast reactors on an industrial scale may 
tend to be a long-term objective, it 
becomes essential, if we are to plan 
realistically the route to obtaining the 
cheapest power and making the best use 
of available natural resources, that the 
potentialities of the system, both -practical 
and economic, are assessed at an early 
stage. The results derived from the 
Dounreay fast reactor will, in fact, be 
vital in determining the ultimate policy 
for nuclear power. 


DEMISE OF A BRITISH “V-8” ENGINE 


We record in this issue the introduction 
of a new high-speed oil engine. Onerous 
and exacting as is the development of such 
units, we have little doubt that it will prove 
successful : for a maker of engines in the 
quantities planned for this design can 
afford—and can only afford—to produce 
excellent engines. But it is not without 
regret that we greet the newcomer, for its 
appearance ends twenty years’ production, 
averaging over sixty units a day, of a 
“V-8” petrol engine whose place in 
history is assured. The design of the 
“eight” dates froma period when advanced 
design was regarded as a virtue in a 
motor vehicle, and the engine was intended 
to defy competition. It was one of the 
earliest engines to be regarded as a power 
pack, with ancillaries expected to serve 
without removal during the life of the 
engine ; it was well suited to fast touring 
cars, and early achieved a victory in the 
Monte Carlo Rally. But competition of a 
fiercer nature was to be its lot—for six 
years it was called upon to fulfil its 
prophet’s boast : “‘ We can run and race 
and swim and fly and dive’! On tracks, 
bearing light machine guns, these engines 
hurried ahead of infantry, on wheels they 
rushed fire-fighters and foam toward, and 
casualties away from, crashed aircraft. In 
seagoing craft they stole into enemy 
shores to land and supply armies, and 
from the air they swept over the sea lanes 
to explode magnetic mines, and plunged 
out of the night to spotlight “ U ’’-boats 
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surfaced for battery charging. But after- 
wards, a country hardened by war showed 
less appreciation for the finer qualities of 
the machine. Bereft of its exclusive and 
ambitious distributor and carburettor, 
the big “‘ V-8 ” was used in a car that had 
originally been handled by a smaller 
engine. The distinctive, compact com- 
mercial vehicles it had fostered were 
replaced by more conventional chassis 
which would accept alternative in-line 
engines. It was still allowed to excel, 
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““ THE MACHINERY OF THE PARIS 
EXHIBITION ” 


‘“* The French appear to be making rapid 
progress in the application of those self- 
acting machine tools which form the only 
true basis of sound mechanical construc- 
tion. It is true the breed, if we may so 
phrase it, is of English origin, and came 
from Manchester, from the workshop of 
Mr. Whitworth, but they appear to be as 
prolific on the banks of the Seine as on 
those of the Irwell. There is really, without 
metaphor, as much importance to be 
attached to the pedigree of an automaton 
machine employed in the production and 
re-production of other machines, as in that 
of a short-horned bull or stallion. 

“Our Gallic neighbours have freely 
imported the best models both of our 
cattle and machinery, and in both cases 
with decided advantage to the indigenous 
breed. A flaw or an imaccuracy in the 
construction of a slide-lathe or planing 
machine is sure to re-appear in the progeny 
which it creates, just as certainly as a 
blemish or fault in the blood of a horse 
developes itself in his descendants. The 
points or generic excellence of our auto- 
matic tools are in some respects very 
similar to those which distinguish the 
national character of Englishmen generally 
—truth, soundness, and accuracy. The 
artistic neatness and beauty of all French 
constructions may, however, be advanced 
as a by no means undesirable element to 
incorporate with our own more ponderous 
and somewhat clumsy type of mechanical 
construction. Our friends on the other 
side of the Atlantic, too, have contributed, 
in their dexterous, rough-and-ready style of 
labour-saving tools, another element for the 
perfection of the general stock. The 
pantograph system, or the method of 
copying the forms of objects by the use of 
what are technically called dummies, in 
which the tools or cutters are made to 
reproduce a fac-simile of the object copied, 
is coming into very general use in France, 
and many examples of its successful 
application were exhibited.” 











however, in sports cars, and propelled 
one of them to another victory at Monte 
Carlo. 

But while the popularity of the “* V-8 ” 
engine has declined in this country, para- 
doxically rival manufacturers abroad have 
discovered its merits. In the United 
States, such engines, because of the short 
four-throw crankshaft, have been found 
to match the demand for great maximum 
power in an unobtrusive unit. They have 
even ousted the classic “ V-12s” and 
the Ford Motor Company has abandoned 
even its own straight sixes of great merit 
in their favour. A smaller version of the 
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original “V-8” is still used in France, 
having been developed to run at the very 
reasonable peak speed of 4400 r.p.m. 
When, after the war, a sports car of very 
advanced conception was built in Spain, 
the engine followed the trend and the 
high performance cars of the ambitious 
Italian designers are also propelled by 
““'V-8 ’ engines. The rear-engined saloons 
from Czechoslovakia would be less capa- 
cious were they unable to exploit the 
advantage of the compactness of the two- 
bank engine. The only German manu- 
facturer to build cars similar to ours has 
developed complex “ eight” engines. But 
the very in-line engine superseded by the 
German vee is, in one of our most 
modern sports cars, now replacing a 
British overhead camshaft design ! 

Is there any justification for the general 
adoption of the in-line engine in this 
country to the neglect of the “‘ V-8” ? The 
problems of developing the more compact 
engine are doubtless harder, but against 
that objection must be set the greater ease 
of incorporating the engine in a vehicle. 
Experience on the Continent has shown 
clearly that an in-line engine with more 
than three cylinders needs to be located 
remote from the final drive, unless engines 
far smaller than would be acceptable on 
the difficult roads of this country are used. 
It is tempting to tease British makers by 
suggesting that they still pass an incon- 
venient propeller shaft through the cabin 
merely because they want to use a some- 
what primitive engine! But that would 
be to exaggerate. It is more reasonable to 
assume that they have perceived what is, 
indeed, true, that the reliability which 
many motorists rate more highly than 
extra high performance or specially good 
economy is most easily attainable by 
conservatism in design. Yet it is a 
dangerous doctrine. The motor-cycle 
makers, having failed further to develop 
their excellent overhead camshaft and 
geared crankshaft designs, and reconciled 
themselves to engines crude by com- 
parison, are now experiencing the humilia- 
tion that they dare not participate in the 
Golden Jubilee of the races in which they 
won their past glories. A decade ago, 
W. O. Bentley expounded the concept of a 
modern motor in a design with a struc- 
turally efficient chassis, independent sus- 
pension, a high-speed engine, and an 
electric gearbox which, had Lagonda 
drivers so required, could readily have 
been adapted to automatic control. Recent 
designs seem undeniably to be diverging 
from these ideals. No doubt the British 
motor manufacturer in selling his product, 
may in consequence be able to charge 
proportionately less for the material and 
the processing put into each vehicle. 
Indeed, if he is to sell his product in 
competition with more advanced products, 
he will have to charge less! But is this 
the way to hold present export markets, 
not to speak of winning new ones ? 
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Electric Power Gallery at the Science Museum 


THE new Electric Power Gallery of the 
Science Museum, South Kensington, was 
opened by Lord Hailsham, the Minister of 
Education, on Monday last. This gallery 
is on the ground floor, immediately beyond 
the collection devoted to the primary sources 
of energy, of which it forms a logical con- 
tinuation, since it shows how power converted 
from these primary sources into electricity 
can be conveniently transmitted and dis- 
tributed. The new collection illustrates the 
growth of the electrical power industry from 
the discoveries of the natural philosophers 
of the nineteenth century to the practical 
applications of to-day. There is, for example, 
a working reproduction of the original 
apparatus with which, in 1831, Faraday 
demonstrated the continuous generation of 
current by electromagnetic induction. 

Among the early practical machines for 
generating electricity to be seen in the collec- 
tion are an Edison dynamo (1881) with long 
magnets of small cross section, and a Cromp- 
ton single-phase alternator (1890), charac- 
terised by a small-iron, high-copper content, 
to give good regulation for a lighting load. 
Another stage in the development of power 
generation is the Parsons set which was 
installed in 1900 at Ackton Hall Colliery, 
Featherstone, Yorks, and was used to supply 
power to electrically-driven coal-cutting 
machines. It was the first three-phase turbo- 
alternator in the world ; it gave an output 
of 150kW, 350V, 42 cycles per second when 
running at 2520 r.p.m.; and it remained in 
operation until 1934. 

Because of their size the more modern 
examples of heavy electrical plant are repre- 
sented mainly by models, including an 
excellent one of Castle Donington power 
station. But the transmission and distribu- 
tion and utilisation of electrical energy are 
portrayed by full-scale exhibits, including a 
275kV insulator string and a section of a 
rural distribution line. The latter provides an 
interesting link between past and present : it 
includes a modern pole-mounted distribution 
transformer having a wound sheet steel core 
to give low iron losses and, therefore, low 
no-load losses. This form of construction 
echoes the system adopted seventy years ago 


in a Ferranti experimental transformer (1885), 


which had a wound core of paper-insulated 
strip. 

The cost of the new collection, roughly 
£75,000, has been shared by the Govern- 
ment through the services given by the 
Ministry of Works in the building, decor- 
ating and furnishing of the gallery; by 
the electricity supply industry, mainly through 
the Central Electricity Authority, and the Area 
Boards ; and the electrical manufacturers, 
mainly through BEAMA and the Cable 
Makers’ Association. 


Standards Officers’ Conference 


Tue third annual meeting of standards 
‘officers, which was attended by nearly 200 
engineers and others responsible for applying 
standards on the factory floor, was held on 
May 9, at Church House, Westminster, 
under the chairmanship of Mr. H. Stafford, 
of the United Steel Companies, Ltd. The 
meeting was organised by the Institution of 
Production Engineers and the British 
Standards Institution. Speaking on standard- 


isation, simplification and _ specialisation, 
Mr. H. A. R. Binney referred to the series 
of successful meetings held last winter under 
the leadership of Professor H. W. Martin, 
an American authority on standards engineer- 
ing, and to the provision of training courses 
for standards officers at technical colleges 
and universities. Two such courses had been 
held as part of Professor Martin’s pro- 
gramme—at the Regent Street Polytechnic 
and the Manchester College of Technology. 
An international seminar on these subjects 
is being held in Holland from July 15 to 
August 17. : 


Commenting on the preparation of sum- 
mary sheets as supplements to British 
standards which had been recommended at 
the 1955 conference, Mr. R. E. Mills, of 
A. V. Roe and Co., Ltd., said that the pro- 
duction of sheets should be drastically 
speeded up to bring in, among others, bolts 
and nuts, washers, limits and fits, splines and 
serrations. Mr. S. T. Robinson, standards 
engineer of S. Smith and Sons (England), 
Ltd., discussed in a paper the part played 
by the standards department in a large pro- 
ducing organisation, and pointed out that 
the job of the standards officer was to obtain 
information, interpret that information and 
present it complete to the designer. Mr. E. L. 
Delmar-Morgan, of the Shell Petroleum 
Company, Ltd., dealt with standardisa- 
tion for large users, and explained how 
every piece of equipment used by Shell, 
in all parts of the world, had been cata- 
logued. Cataloguing, he said, was the heart 
of standardisation. Mr. P. D. Canning, of 
the Plessey Company, Ltd., drew attention to 
the impact of the proposed European free- 
trade area on the preparation of industrial 
standards and on the work of the men who 
used those standards. 


Institution of Water Engineers 


THE Institution of Water Engineers held 
its summer meeting at Weston-super-Mare 
on Wednesday of this week, when two papers 
were presented for discussion. The first of 
them was a description of a large water 
supply scheme recently constructed in the 
West Country, namely, “The Chew Stoke 
Reservoir Scheme,” by Mr. J. A. Picken, 
A.M.I1.C.E. This scheme has been built by 
the Bristol Waterworks Company at a cost 
of £1,891,000 to give an additional 10 m.g.d. 
in the company’s statutory area of supply of 
123 square miles, and also to give bulk 
supplies to neighbouring areas. The scheme 
was referred to in THE ENGINEER of May 11, 
1956, at the time of its inauguration. Tech- 
nically, its main interest lies in the use of sand 
drains in the main embankment of the 
reservoir, which were included to dissipate 
pore pressures during construction, and in 
the automatic control of the Stowey pumping 
station, which is one of the two pumping 
stations drawing water from the reservoir. 


The second paper of the meeting was 
** Aspects of Works Study in Relation to 
Main-laying,” by Mr. W. G. Close, 
A.M.LC.E. Mr. Close pointed out that 
work study was no novelty to the civil 
engineer, but the employment.of techniques 
developed in production engineering was not 
so familiar. He had not found that main- 
laying operations were too variable to permit 
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work study measurement based on time. 
Only small beginnings had so far been made 
in applying these techniques, he concluded, 
but they indicated an increase in productivity 
of 30 per cent or more, and, from the 
operative’s point of view, bonus earnings 
averaging 7d. an hour, which made the 
employment much more attractive. 


Gear Drives for Locomotives 


AT the annual general meeting of the 
British Gear Manufacturers’ Association in 
London on Tuesday, May 14, a paper entitled 
“The Application of Gear Drives to Loco- 
motives ’’ was presented by Mr. R. G. Jarvis. 
In this paper, Mr. Jarvis first pointed out 
that although gear drives had been applied 
in many cases to steam locomotives, most 
such locomotives had been of unorthodox or 
experimental design. Dealing with electric 
locomotives and locomotives with electric 
transmission, Mr. Jarvis mentioned quill 
drives, including various designs of flexible 
drives, and discussed the advantages of 
electric transmission for diesel locomotives. 
Different forms of mechanical and hydraulic 
transmission used on diesel locomotives were 
then described, and Mr. Jarvis said that 
possibly one of the most enterprising applica- 
tions of the diesel mechanical system in 
locomotives was the “ Fell” system, which 
sets out to reproduce in a diesel locomotive 
traction characteristics similar to those of a 
steam locomotive. 


In concluding his paper, Mr. Jarvis pointed 
out that gears were widely used in diesel- 
mechanical locomotives in particular, 
although the position was very fluid as some 
drives were still in the development 
stage. Electric traction or transmission 
obviously cut out complicated gear changing 
devices, and the gears required to transmit 
drive from the armature to the axle were 
simple and well developed. Steam locomo- 
tives made little use of gears, but Mr. Jarvis 
said: it was an interesting speculation 
whether their use might not have been 
extended considerably had not the building 
and development of steam power been over- 
taken by other forms of traction. 


Dr. N. E. Rambush 


IT is with regret that we have to record the 
death, on May 15, of Dr. Niels Edward 
Rambush, the chairman and managing 
director of the Power-Gas Corporation, Ltd. 
Dr. Rambush was born in Denmark in 1889 
and, after taking his degree in mechanical 
engineering, came to Britain in 1911, when 
he joined Mr. A. H. Lymn, a chemical 
engineer. Their business was acquired by the 
Power-Gas Corporation, Ltd., in 1918, and 
Dr. Rambush was appointed chief engineer 
at the Stockton works. In 1927 he became 
technical manager to the Corporation and 
the associated firm of Ashmore, Benson, 
Pease and Co., Ltd., and eventually in 1951 
he became chairman of the Power-Gas group 
of companies. 


In the early days of his career Dr. Rambush 
studied chemistry and chemical engineering, 
ang he later achieved prominence as an 
inventor of gasmaking machinery and as an 
authority on gas production. He presented 
many papers on the subject and in 1931 was 
awarded the Moulton Medal of the Institution 
of Chemical Engineers, of which he was one 
of the founder members. In 1948 Dr. 
Rambush received the honorary degree of 
Doctor of Science from the University of 
Durham in recognition of his services to 
science and industry. 
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Dounreay Atomic Energy 
Establishment 


No. II—{ Continued from page 751, May 17) 


Dounreay is an experimental and research establishment of the Industrial Group oj 
the United Kingdom Atomic Energy Authority. Its function is to yield information 
about the operation of large-scale experimental reactors. This information should 
provide the engineering basis for building and operating the advanced reactors that 
are likely to constitute the second and third stages of Britain’s nuclear power 
programme. The installations described here include the fast reactor, which is due 
to become critical in April, 1958, and the Dounreay Materials Testing Reactor. 


Secondary Heat Exchange and Boiler Plant. 
—The boiler plant for the fast reactor was 
designed and manufactured by John Thomp- 
son, Ltd., in collaboration with the 
U.K.A.E.A., involving the production of a 
secondary heat exchange system between 
liquid metal and water that would control 
the reactor temperature. Whereas the 
temperature rise through the reactor depends 
on load and liquid metal flow, the operating 
temperature level is controlled solely by 
conditions in the secondary heat exchange 
and steam plant. 

Accordingly, the plant is designed for 
maximum reliability by the use of twelve 
separate small boiler units, each serving one 
of the secondary liquid metal circuits (and 
therefore two of the primary heat exchangers), 
and by the duplication of most of the 
auxiliary equipment by providing standby 
plant. 

These boiler units will control the tempera- 
ture of the reactor by rejecting heat from the 
system either to a sea water dump heat 
exchanger or partly to this dump exchanger 
and partly to a turbine. They are arranged 
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to operate by rejecting heat either from 
water or from steam. By use of a by-pass in 
the dump exchange system the amount of 
heat dumped, and therefore the operating 
temperature, can be variably controlled. 
Superheaters and economisers are incor- 
porated and can be isolated or brought in to 
suit the requirements of water dumping or 
steam dumping. 

Each of the twelve heat exchanger units 
(Fig. 17) consists of a steam water drum 
approximately 4ft 6in diameter by 4ft 3in 
long, with water feed boxes and steam sepa- 
rator, operating in conjunction with seven 
banks of three heat exchange assemblies. 
Each of these twenty-one assemblies is made 
up of thirteen elements including preheaters, 
evaporator and superheater elements, so that 
in each boiler there are twenty-one parallel 
water steam circuits. 

The elements (Fig. 19) each consist of one 
water tube surrounded by four liquid metal 
tubes, the five tubes being mounted in close- 
packed copper laminations which provide 
heat conductivity and at the same time ensure 
that any leakage from liquid metal tubes or 
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from the water tubes will be between the 
copper laminations and to atmosphere. 
Tubes for both water and liquid metal are of 
stainless steel. The elements are coupled 
together by inlet and outlet headers for pre- 
heaters, evaporators and superheaters. 

The boiler units are completely equipped 
with instrument panels by John Thompson 
Instrument Company. 

Feed water for the boiler-heat-exchanger 
plant is treated by two mixed-bed de-ionisa- 
tion units of 1000 gallons per hour output, 
supplied by John Thompson Kennicott, Ltd., 
complete with valves, piping and instrumenta- 
tion. 

Erection of the vessel and heat exchange 
systems transported from Wolverhampton in 
units of limited size is being done at Dounreay 
by John Thompson labour. To carry out 
erection of the complex circuits within the 
concrete ‘* vault,” all large unit parts had to 
be stowed inside before positioning of the 
vessel, main access being through the central 
opening into which the reactor vessel is 
placed. It was necessary to stow into the 
“vault”? in correct sequence about 4000 
sections of stainless steel pipes before erection 
was started (Fig. 20). The sections of pipe- 
work are all stainless welded by the argon- 
arc process and there will be over 3000 such 
welds. On completion of each weld, the 
joint is radiographed and gas-tested. Use- 
ful aid in planning stowage of parts was 
provided by a scale model of the complete 
primary heat exchange system, produced 
for the Authority by John Thompson model 
department (Fig. 22). 

Charge and Discharge Facilities.—Fuel 
elements in the reactor must be periodically 
discharged, because, first, prolonged irradia- 
tion causes physical distortion of the elements 
and, secondly, the fuel element efficiency falls 


Figs. 17 and 18—(Left) Secondary heat exchanger units (liquid metal/water) being installed for the Dounreay fast breeder reactor. (Right) The Dounreay 


Materials Testing Reactor under erection. This view shows the top of the hea 
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Figs. 19 and 20—(Left) Elements in the secondary heat exchangers for Dounreay fast reactor boiler plant. 
by four liquid-metal tubes, all being 


central water tube surrounded 
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The heat exchange elements are formed of a 


mounted in close-packed copper laminations (Right) Interior of reactor vault, showing 


stainless steel pipework and primary heat exchanger elements lagged after being welded to stainless steel pressure vessel 


due to depletion of the fissionable material 
and the build-up of fission products in the 
element. Similar considerations apply to a 
lesser extent to the breeder elements. The 
elements are therefore removed periodically 
from the reactor in shielded containers and 
placed in the cooling pond to await chemical 
processing. New or refabricated elements are 
loaded into the reactor in their place. 

Removal of elements from the reactor is 
complicated by the following considerations : 
the elements are very radioactive; the 
elements are immersed in liquid metal which, 
besides being chemically active, becomes 
radioactive after irradiation ; the elements 
continue to generate heat for a considerable 
time after the reactor is shut down because of 
residual fission product activity; and the 
blanket gas above the liquid metal in the 
reactor is highly contaminated with radio- 
active fission products and cannot be allowed 
to escape into the sphere atmosphere. 

To suit these conditions a heavily shielded 
charge machine has been designed for 
removal and replacement of elements. In 






































G—Control rod group. 
H—Carrier frame. 
J—Brace arm. 
K—Bottom arm. 


A—Magnetic clutch coil. 
B—Bevel gear. 
C—Hold-on magnet coil. 
E—Carrier tube. L—Liquid metal inlet. 
F—Dashpot mechanism. M—Liquid metal outlet. 


Fig. 21—Control rod assembly for fast reactor 


operation this machine is lowered on to a 
seal door on the rotating shields above the 
reactor vessel and elements are moved verti- 
cally in or out of the reactor using the charge 
machine. Embodied in the machine is a 
cooling system for removing residual heat 
from the elements after withdrawal from the 
liquid metal. At the base of the machine a 
gas tight door is fitted and it is interlocked 
to efisure that it and the corresponding seal 
door on the rotating shields are closed before 
the charge machine can be removed from the 
rotating shields, thus preventing direct escape 
of blanket gas into the sphere. When an 
irradiated element has been raised into the 
charge machine the charge machine is trans- 
ported by the large rotary crane to the canning 
station at the side of the reactor “ vault.” 
Reprocessed elements are returned from the 
chemical plant to an element store in the 
element storage building. When required for 
use the elements are put in a stainless steel 
can filled with inert gas and raised into the 
canning station in the sphere. 

Control and Instrumentation.—Control of 





the fast reactor is effected by movement of 
parts of the core, whereas the Windscale and 
Calder reactors are controlled by moving 
neutron-absorbing steel rods in or out of the 
pile. Twelve groups of fuel elements located 
at the corners of the core hexagon form the 
control rods, which may be moved in or out 
of the core. These fuel elements are held in a 
metal frame resting on a support arm within 
the liquid metal, enabling the control rods to 
be raised into the core to increase its reactivity 
or dropped below the core to shut the reactor 
down (Fig.21). A magnetic clutch is included 
in each control rod drive to allow the drive to 
be transmitted through the reactor vessel 
without leakage of fission products. Each 
control rod and support within the reactor 
vessel is supported by an electromagnet, so 
that interruption of electrical supply to the 
electromagnets allows the rods to fall rapidly 
out of the core, thereby shutting down the 
reactor. 

As all the twelve control rods are of 
identical design it is feasible that a common 
fault could develop in the mechanism which 
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Fig. 22—Top of the scale model of the Dounreay reactor and primary heat exchangers. The reactor 
vessel, centre, can be seen surrounded by the primary liquid-metal heat exchange circuits 
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could prevent their satisfactory operation 
in an emergency. To provide a reserve 
control enabling the reactor to be shut down 
under these abnormal conditions, three rods 
containing neutron-absorbing boron can 
be dropped into the inner row of breeder 
elements surrounding the core. The design 
of these boron safety rods differs from that 
of the control rods, so that the possibility 
of their failure at the same time as that of 
the control rods is remote. 

A final safeguard is provided by the geo- 
metry of the reactor core which is arranged 
in such a way that, in the unlikely event of 
thermal instability and consequent melting, 
the core would tend to disintegrate without 
reaching a critical size. 


The positioning of the control and safety. 


rods is determined from the desk in the control 
room by means of a selector switch and push 
buttons. Operation of an emergency push 
button on the desk cuts the current to all the 
hold-on electromagnets and drops all the 
control rods and boron safety rods simul- 
taneously. In addition to normal or emer- 
gency shut-downs controlled by the operator 
from the control desk, automatic shut-down 
occurs in the following circumstances : 
failure of pressure in the primary gas blanket ; 
high temperature in the centre of the core ; 
low flow of liquid metal coolant through the 
core and breeder ; a high level of neutron 
flux; and an abnormally rapid rate of 
increase of neutron flux. Electromagnetic 
flow meters measure the flow of liquid metal 
coolant in the primary and _ secondary 
circuits, and the nuclear behaviour of the 
reactor is indicated by means of ion chambers 
located in the graphite shield surrounding 
the reactor vessel. 

All operations involving a change in 
reactivity are controlled from the desk in 
the control room, where switches and push 
buttons enable the power of the reactor to 
be varied by adjustment of the control rods. 
The rate of liquid metal pumping in each 
coolant circuit is also controlled from this 
desk. The instruments indicating or record- 
ing the behaviour of the reactor and its heat 
extraction circuits are grouped on the outer 
instrument panels. Panels on the left of 
the control room contain visual alarms 
and annunciators which give warning of 
fault conditions and enable individual faults 
to be located. 


Fabrication of Fast Reactor Sphere-—Shop 
fabrication of the shell of the sphere posed no 
special problems and fabrication of the skirt 
was orthodox except that care had to be 
taken in welding in the heavy ring reinforce- 
ments to the skirt openings. On the other 
hand, the fabrication of the door jambs 
presented difficulties typical of that class of 
work where intricately shaped plate segments 
have to be welded together within more than 
the usual limits of accuracy, the plate weld- 
ment being subsequently transformed into a 
machined article. Site fabrication took place 
in a workshop on the site at Dounreay, where 
plate segments were welded together in pairs 
by an automatic process to reduce the amount 
of on-site welding and to mitigate the effects 
of inclement weather programme. Heavy 
shop weldments were stress relieved at 
Motherwell before shipping to site. 

The sphere, set on a 10ft thick reinforced 
concrete foundation raft, was built from the 
skirts upwards, the plates being clipped 
together and tied back with booms to a 
central tower before welding. The bottom 
half of the shell was built between July and 
December, 1955, and the top half between 
July and December, 1956. Constructional 
work inside the sphere was carried out 
between January and June, 1956. 
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The airlock was delivered to site in rings, 
assembled and welded in the site workshop, 
and lifted in one piece. The bellows ring 
was designed and supplied by the British 
Appliances Manufacturing Company, Ltd., 
of Leeds, and the door mechanisms were 
designed and supplied by Strachan and 
Henshaw, Ltd., of Bristol. 

Fabrication and erection of the sphere was 
carried out by the Motherwell Bridge and 
Engineering Company, Ltd., Motherwell, 
and Lloyd’s Register of Shipping, Lands 
Division, acted as the Authority’s Inspection 
Agents from the making of the steel to the 
completion of the work on site. All con- 
tainment welds were X-rayed. Before com- 
missioning the sphere will be pressure tested 
with air. 

Power Generation.—The fast reactor is a 
power-producing plant capable of feeding 
1SMW of electricity into the grid system of 
the North of Scotland Hydro-Electric Board. 
Primarily, however, it is a pilot plant and a 
development project, and it is not to be 
expected that the reactor will produce this 
amount of electricity continuously, especially 
during the early stages. 

The electrical generating plant will consist 
of a ISMW turbo-generator supplied by 
The General Electric Company, Ltd. The 
turbine is similar to the standard G.E.C. 
single-casing machine, but is modified to suit 
the unusual inlet steam conditions of 150 1b 
per square inch gauge and temperature of 
518 deg. Fah. To handle a very large 
volume of steam at inlet, steam inlet pipes, 
governing and emergency valves of farge 
capacity will be provided. The incoming 
steam will be admitted to both upper and 
lower halves of the high-pressure casing. 
As nozzle control is required, the system 
of governing valves on the casing which would 
normally be employed on machines of this 
rating will be replaced by separate steam 
chests symmetrically arranged with one on 
each side of the casing. Each chest will be 
supplied with steam through a 12in bore pipe 
and will contain one emergency and three 
single-beat governing valves, connected to 
the top and bottom halves of the casing by 
loop pipes. Besides the normal hand and 
overspeed trips the turbine will be provided 
with vacuum and solenoid trips, and with 
trips for loss of oil inlet pressure and thrust 
wear. Pressure and vacuum unloading gear 
will be provided. 

It is envisaged that the steam conditions 
may be improved at a later stage to 200 1b 
per square inch gauge and 622 deg. Fah. 
The turbine has been designed to operate 
under these higher inlet conditions without 
modification. This change would inevitably 
be accompanied by some reduction in internal 
efficiency, and provision has therefore been 
made for fitting a new nozzle block and two 
additional stages should a higher efficiency be 
desired. 

The alternator is a standard three-phase, 
50 c/s, air-cooled machine with a power 
factor of 0-85. The alternator will generate 
at 11kV and has a short circuit ratio of 0-8 
to suit the North of Scotland Hydro-Electric 
Board system. The exciter will be direct 
coupled to the alternator, and is being 
supplied with a magnetic amplifier for auto- 
matic voltage regulation. 


DOUNREAY MATERIALS TESTING REACTOR 


The Dounreay Materials Testing Reactor 
(DMTR) will be used for applied research 
and development of all kinds of reactors 
which are the direct concern of the Indus- 
trial Group of the Atomic Energy Authority. 
The Materials Testing Reactor will be used 
on the irradiation testing of new materials, 
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components and cooling systems. It should 
contribute, therefore, first to improvements 
in the heat rating of the gas-cooled thermal 
reactors to be used in Stage I of Great 
Britain’s nuclear power programme and, 
secondly, to the development work needed to 
implement the liquid-cooled thermal reactors 
of Stage II. More long-term projects will be 
undertaken on similar materials testing 
reactors (such as “ Dido” and “ Pluto” at 
Harwell). Materials for the fast reactor will 
be subjected to initial tests in the Dounreay 
Materials Testing Reactor before being 
accepted as complete components in the fast 
reactor itself. 

Work on special reactor experiments is 
already being done at Dounreay in the 
experimental criticality group, which will be 
described below. Methods of fabricating fuel 
elements, using new and improved fuel 
materials, including plutonium, will be 
developed for the fast reactor and for existing 
and future reactors which are under con- 
sideration by the Industrial Group of the 
Authority. 

Thus, the Dounreay establishment will be 
contributing to Stage III developments of the 
nuclear power programme by operation and 
experimental use of the fast reactor, and to 
Stages I, Il and III by irradiation experiments 
in the Materials Testing Reactor. 


General _Description—The Dounreay 
Materials Testing Reactor is designed to 
enable materials of construction, fuels and 
their canning materials, coolants and heat 
transfer media to be irradiated in its neutron 
flux under specific design conditions which 
can be related to those in a full-scale power- 
producing reactor. Materials are tested by 
incorporating them into “ test rigs’ which, 
in turn, are inserted into DMTR and 
irradiated to the required degree. The “test 
rigs ” are then removed and dismantled and 
the test materials are examined. Since 
DMTR has a high neutron flux, research work 
previously requiring a long period of irradia- 
tion due to lack of large neutron sources can 
be accelerated. ; 

DMTR is an enriched-uranium, heavy- 
water-moderated-and-cooled thermal reactor 
with a peak flux of 10'* thermal neutrons per 
square centimetre per second at a total 
output of 1OMW. It is similar to “‘ Dido ’’* 
which was inaugurated at Harwell last 
November: the main difference is that 
DMTR has fewer experimental facilities but 
those facilities are designed for large engineer- 
ing test rigs. 

The core of DMTR consists of twenty-six 
box-section fuel elements mounted vertically 
in a cylindrical aluminium tank containing 
heavy water (Figs. 23 and 24). The tank is 
surrounded by a graphite reflector enclosed 
in a steel tank, surrounded by a lead shield. 
Further shielding is provided by concrete 
walls which contain the reactor in a cube of 
20ft side (Fig. 18). The reactor is controlled 
by the introduction of neutron absorbing 
material in the form of seven coarse control 
arms of semaphore signal form, which move 
between the fuel elements, and by a single 
vertical fine control rod. There are also two 
shut-down rods. The reactor is mounted 
directly above the heavy water plant room 
which houses pumps and heat exchangers 
to reject the heat from the heavy-water 
coolant to a light-water circuit which, in 
turn, dissipates the heat to atmosphere in 
eight cooling towers situated outside the 
reactor. 

The experimental facilities consist of four 
vertical 7in diameter and four vertical 4in dia- 
meter tubes in the heavy water, and six vertical 
4in diameter tubes in the graphite reflector. 

* Tue ENcineER, December 7, 1956, pages 812-814 
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In addition, there are four horizontal 7in 
diameter tubes which pass through the reactor 
close to the reactor core. 

Reactor Details—The enriched uranium 
core measuring 2ft high by 2ft 6in by 3ft 
overall, .is immersed in heavy water, acting 
as moderator, reflector and coolant, and is 
contained in a 4in thick aluminium tank of 
6ft 7in i.d., 11ft high. It is surrounded by a 
thick graphite reflector which is itself con- 
tained in a steel tank, gin thick, 8ft 9in i.d. 
and 12ft high ; this has a gin thick boral 
lining and a 4in thick lead lining, acting as a 
gamma shield. A 5ft thick, 218 lb per cubic 
foot concrete biological shield encloses the 
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A—Vertical experimental facilities in graphite, 4in diameter (6). 
B—Coarse control arms, 
C—D,O inlet (3). 
D—D,O outlet (4). 
E—D,O plant room biological shield. 
F—Lead shot concrete. 
G—D,0O circulating pumps (3). 
H—D,O/H,0O heat aor (3). 
J—Reactor top plate (M.S.). 
K—Aluminium tank top shield (concrete in M.S.). 
L—Annular top shield (concrete in M.S.). 
M-—Biological shield (concrete). 
N—Reactor steel tank. 
P—Lead shield. 
Graphite reflector. 
Reactor aluminium tank. 
S—Fuel elements (26). 
T—Horizontal experimental facilities, 7in diameter (2). 
U—Vertical experimental facilities in D,O, 7in diameter (4), 
4in diameter (4). 
V—Horizontal experimental facilities, 7in diameter (2). 
W—H,0 cooling inlets and outlets (3 off each). 


Fig. 23—Simplified sectional elevation of Dounreay 
materials testing reactor 
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B—Fine control rod (1). 

C—Shut-down rods (2). 

D—Tin diameter vertical experimental facilities in D,O (4). 
E—4in diameter vertical experimental facilities in D,O (4). 
F—4in diameter vertical experimental facilities in graphite (6). 


Fig. 24—Simplified sectional plan of Dounreay 
materials testing reactor 
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tank. The top shield is 4ft 4in thick, of iron- 
shot concrete of 350 1b per cubic foot. The 
depth of heavy water is 6ft and it is blanketed 
with helium. 

In the core there are twenty-six fuel 
elements, arranged in a 6in by 6in lattice in a 
5x6 array, with corners unoccupied. Each 
fuel element consists of ten curved plates of 
aluminium-clad, uranium-aluminium alloy, 
0-058in thick and 0-177in apart. The ten 
plates form an element 2-88in by 2-53in by 
25in long. The heavy-water coolant flows 
at 11-3ft per second past the fuel element at 
11-5 1b per square inch gauge inlet pressure, 
and 44 deg. Cent. inlet and 51 deg. Cent. 
outlet temperatures. 

There are seven, signal-arm controls, 
suspended at Ift intervals along both 3ft 
sides of the core, at 19-6in from the centre 
vertical plane, and they operate downwards 
from a fully-out horizontal position over a 
60 deg. arc, controlling up to 25 per cent 
reactivity. Each arm contains a 2mm thick 
by 6}in by 42in strip of cadmium, enclosed 
in stainless steel and weighing 26 lb. Normal 
operating time for the full 60 deg. movement 
is twenty-four minutes, but an emergency 
free fall takes less than one second ; there 
is also a vertical fine control rod controlling 
4 per cent reactivity, positioned at an 
unoccupied corner of the core. It consists 
of a 2mm thick cadmium sheet formed into a 
fsin o.d., 24in long tube sandwiched between 
two stainless steel tubes, the full 24in travel 
taking fifteen seconds. Two safety rods 
are also provided in diagonally opposite 
corners, formed of similar cadmium sheet 
into a lin o.d., 30in long tube, sandwiched 
between two aluminium tubes. 

Three totally submersible 60 h.p. pumps 
(one standby) deliver the required quantity 
of heavy water (4800 gallons per minute) to 
the core and the 1OMW heat is removed in 
three stainless steel heat exchangers to light 
water. The heavy water is continuously 
sampled at three points for purity, con- 
ductivity and pH. 

Four pumps (one standby) circulate the 
light water from the heat exchangers to cool- 
ing wooden forced-draught towers, the make- 
up for evaporation requiring 81,000 gallons 
per day of treated water. The pressure is 
kept below that of the heavy water, so that 
leaks will be out of the heavy water circuits. 

The flux at the core centre is 10'4n/cm* sec 
maximum; in the heavy-water radial 
reflector it is 8-10'*, falling to 10; in the 
graphite reflector it is 10'* to 10'°n/cm? sec. 

Irradiation Testing Programme.—Materials 
in nuclear reactors may suffer substantial 
changes in their physical and chemical pro- 
perties as a result of bombardment by fission 
product particles, neutrons, alpha, beta and 
gamma radiations. Interactions with the 
electron shells of atoms may cause them to 
become highly ionised and reactive with 
otherwise inert materials. Corrosion by 
water and CO, tend to be accelerated under 
irradiation in this manner. Conversely 
reactions normally occurring may be sup- 
pressed, and natural corrosion processes be 
inhibited in the presence of irradiation. Asa 
result of collisions with fission particles, 
atoms may be displaced from their normal 
positions on their crystal lattice, and the 
sub-microscopic processes leading to diffu- 
sion, conduction and deformation so dis- 
torted as to bring about large changes in the 
mechanical and physical properties of the 
material. In the case of uranium fuels, the 
high flux of fission particles at high energies 
allied to the complexity of the uranium 
crystal structure produces very striking 
effects which are manifested, visibly, by 
changes of shape and volume, and by dete- 
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rioration of mechanical and physical pro- 
perties. 

Hitherto, specification of materials for 
reactors so far constructed has been based, 
of necessity, upon data gained during 
exhaustive tests conducted out-of-pile. Ex- 
perience gained in the operation of these 
reactors, and experiments carried out in them, 
has yielded valuable information on the 
effects of irradiation, within the limits 
imposed by the fact that these reactors were 
designed to work at moderate levels of tem- 
perature and neutron flux. However, with 
the provision of research reactors at Doun- 
reay and Harwell, it now becomes possible 
to subject materials to specific conditions of 
temperature ,and neutron flux. Materials 
may receive in a comparatively short period 
the irradiation dosage equivalent to that 
received during its service life in a power 
reactor. 

In the experimental programme at Doun- 
reay, highest priority is awarded to those 
projects which will provide the maximum 
information to the design teams of the Indus- 
trial Group of the U.K. Atomic Energy Autho- 
rity, and their collaborators in the commercial 
field. At least six holes in DMTR have 
been allocated to studies of the behaviour 
of different kinds of fuel under various con- 
ditions of temperature, stress and “ burn 
up” rate. Information will be gained on the 
tendency of the fuel to grow or swell under 
irradiation, changes in thermal conductivity, 
hardness, mechanical strength and metal- 
lurgical structure, and the ability of various 
kinds of can to restrain the deformation of 
the specimen. After these tests it should be 
possible to state not only the best fuel com- 
position or structure for a given set of con- 
ditions, but also, perhaps, the length of time 
for which it may safely be irradiated, and the 
most suitable material in which to contain 
it. A further hole will be used for proving 
tests on fuel elements designed for commer- 
cial reactors, together with their supporting 
structures, in which the performance of the 
forms of fuel element prescribed for C.E.A. 
reactors can be demonstrated. 

Three large holes will be available for study 
of the effects of irradiation on the corrosion 
properties of coolants such as Na, NaK, CO, 
and H;. Smaller facilities will be set aside 
fer specialised problems of irradiation 
chemistry and for the development of analysis 
techniques dependent upon the formation 
of radioactive isotopes. 

Since the behaviour of graphite under 
irradiation is of fundamental importance in 
thermal reactor design, investigations on this 
material alone will occupy one or two holes. 
Other facilities will be devoted to measure- 
ment of the mechanical and physical pro- 
perties of structural materials such as alloys 
of the rarer metals, beryllium, zirconium, 
niobium, molybdenum and magnesium of 
interest as container materials, and various 
kinds of steel used in pressure shells and 
support structures. Studies will include the 
post-irradiation examination of irradiated 
material, and measurement of properties such 
as tensile strength, creep resistance, thermal 
and electrical conductivity and thermal 
expansion on specimens during irradiation. 

It should be appreciated that this irradia- 
tion programme represents only the final 
phase in a research effort of some magnitude. 
Because irradiation tests are expensive, and 
the demand far exceeds supply, the other 
Industrial Group’s laboratories have already 
investigated many problems on the pre- 
liminary selection of materials for reactor 
use, and only those materials meriting further 
consideration will be taken to the irradiation 
testing stage. But the maximum value can 
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be obtained from irradiation experiments 
only if parallel experiments are done out-of- 
pile, and the effects due to irradiation alone 
abstracted. Therefore, the function of the 
DMTR research group will not be limited 
to the design and conduct of experiments in 
the reactor. An essential corollary will be 
the simulation of in-pile conditions, but 
without neutron flux, in the laboratory, to 
obtain the datum against which the results 
of in-pile tests may be compared. 

DMTR Containment Shell—The  mat- 
erials testing reactor is enclosed in a cylin- 
drical steel shell 70ft diameter, 70ft high, 
which forms a hermetically sealed building. 
The shell is built on a concrete raft, 84ft 
diameter, 7ft 6in thick. A steel plate floor 
on top of the raft and welded to the shell 
completes the seal. A steel floor is provided 
at the 15ft level and a 25-ton overhead elec- 
trically operated travelling crane is supported 
from the shell. Access to the building is 
through air locks. 

The shell, air locks and access doors were 
designed to B.S. 1500 for fusion-welded 
pressure vessels, and allowed for wind 
velocities of up to 100 m.p.h., internal 
pressure of up to 6-5lb per square inch 
gauge in emergency, and external pressure 
of up to 1-0lb per square inch gauge due 
to variation in atmospheric pressure. 

To resist the upward forces caused by the 
internal pressure ten stiffening ribs are pro- 
vided spaced equally round the shell. The 
stiffeners are extended beyond the base of the 
shell and cast into prepared pockets in the 
raft. 

There are three air locks, one for vehicles 
and one for personnel at ground floor level, 
and one for emergency exit at first floor level. 
The personnel and emergency air locks are 
equipped with two hand-operated pressure- 
tight doors, which are so interlocked that 
either door can be unclamped and opened 
only when the other door is closed and 
clamped. The vehicle access air lock is 
fitted with two vertically sliding hydraulically 
operated doors, and they are so interlocked 
that either door can only be opened when the 
other door is closed. The doors were 
designed and fabricated by J. Stone and Co. 
(Charlton), Ltd. 

All welds in the pressure vessel and airlocks 
were subject to 100 per cent radiographic 
examination, inspection and testing of all 
materials and workmanship being carried out 
by Lloyd’s surveyors. The fabrication and 
erection of the shell was carried out by the 
Motherwell Bridge and Engineering Com- 
pany, Ltd., Motherwell. Shop fabrication of 
the shell, like that of the Dounreay sphere, 
presented few difficulties. External ribs had 
to be added for stiffening and for carrying 
the load from the crane, but the shell was 
straightforward. The junction of the roof 
through the radius knuckle was slightly more 
intricate but the completed knuckle was pre- 
assembled in the shop to check fit up and 
carry out any slight rectification that was 
necessary. Plates under lin thick were to 
B.S. 13, but with improved notch ductility. 
Plates over lin were of Boiler Quality N.D.1. 
A total of 1200ft of welding was required in 
the shell and airlocks, subject to radio- 
graphic examination. In addition there was 
10,000ft of structural welds. The bow girder 
for carrying the crane was treated as a normal 
welded structure. 

There are seven main buildings on the 
DMTR site. The cylindrical steel shell 
houses the reactor with its control room and 
main auxiliary plant (including heavy water 
pumping, cooling and purification circuits). 
An adjoining plant room contains the elec- 
trical switchgear and control gear for the 
reactor auxiliary plant and an air condition- 
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ing plant. An extract ventilation system 
maintains a slight negative pressure in the 
reactor hall. Adjoining the plant room and 
at right angles to it is the administration 
block which contains offices, laboratories and 
changing rooms. A separate building on the 
same longitudinal axis as the administration 
block is equipped as an active handling bay 
for irradiated materials after removal from 
the reactor. Next to the active handling 
bay there is a fitting shop which is laid out 
for the assembly and proving of special test 
rigs before they are accepted for insertion 


May 24, 1957 


into the reactor. Heat from the heavy-water 
moderator is rejected through heat exchan- 
gers below the reactor to a light-water circuit 
connected to a pump house and a battery of 
eight forced-draught wooden cooling towers. 

In plan, the circular reactor hall is rough! y 
enclosed on one side by the cooling tower:, 
on another by the plant room, and on a 
third by the active handling bay and admin. - 
stration block. The open space between tie 
cooling towers and administration block 
contains the pump room and is traversed by 
the pipe bridge from the reactor hall. 


(To be continued ) 


Technical 


Education 


Last week, a national conference of representatives of industry and the technical 


colleges was held in London. 


There was also published the report of a committee 


set up to investigate the supply and training of teachers for technical colleges. 
In addition, the Minister of Education, in a recent circular, has put forward some 
suggestions for “* liberalising ” technical education. 


HE second national conference between 
industry and the technical colleges was 
held in London on May 15. The conference, 
like its predecessor, was arranged by the 
education committee of the Federation of 
British Industries. It was opened by the 
Minister of Education, Viscount Hailsham, 
Q.C., whose address was followed by a 
survey of technical education presented by 
Sir Harry Pilkington. The next speaker was 
Dr. P. F. R. Venables, principal of the 
Birmingham College of Technology, whose 
subject was “* Liberal Technical Education : 
an Economic Necessity.” Dr. Venables 
began by pointing out that we had now 
become engaged in the primary task of 
raising productivity by increasing the means 
for professional and technical training. The 
very urgency of our immediate needs might 
well drive us to short-term measures, con- 
ceived in terms of minimum training require- 
ments, rather than in a true educational 
amplitude. Though there were encouraging 
signs to the contrary, Dr. Venables remarked, 
it was nevertheless desirable to be clear that, 
even in its own terms, economic necessity 
could not be met by specific training alone. 
Though there was no specific training which 
was not in some measure educational, its 
broader educational effects would tend to 
be small or negligible and adventitious. 
Our times were characterised by rapid 
change, Dr. Venables continued, and put a 
premium on adaptability, flexibility and 
interchangeability of people and occupations. 
What was wanted was far more than the 
passive acceptance of seemingly inevitable 
change, or the spineless acquiescence of the 
too well-adjusted, for resource and adapt- 
ability were needed to direct and co-operate 
in the process of change for the common 
good. Neither specific training nor repeated 
retraining alone could secure that indis- 
pensable resilience and initiative. Modern 
technological society, Dr. Venables said, was 
the prime product of specialisation and was 
irretrievably founded upon it. Far from any 
diminution, it must be expected that the 
number of specialists and their total contri- 
bution would increase. We had not gone 
very far in that respect, but the experience of 
the U.S.A. was certainly a useful guide. In 
the decade 1940-50, the population increased 
by 15 per cent, the number of medical degrees 
by 10 per cent, of law degrees by 100 per 
cent, and the number of engineering degrees 
by 400 percent. In 1920 there was one doctor 


for every 730 people, one lawyer for every 
860, and one engineer for every 800. In 
1950 the ratios were one doctor for every 720 
people, one lawyer for every 830, and one 
engineer for every 370 people. 

Dr. Venables thought there were two impor- 
tant implications in these trends. First of all, 
these specialists would become increasingly 
important sections of the community, inevit- 
ably exercising a wider influence on the 
economic and social life of the country than 
their immediate specialisation warranted, or 
a narrow training would fit them for. 
Secondly, by reason of their enhanced 
prestige in the community, they would be 
expected to carry over their prestige as 
experts into other often unrelated fields. 
Again a narrow specific training would not 
equip them to understand their own limita- 
tions, nor the inherent. possibilities for good 
or ill in these circumstances. By the same 
token, he added, increasing numbers of 
specialists would pass into management, and 
again the need was for judgment and wisdom 
in human affairs in addition to their primary 
function as specialists. The wider sphere of 
activity would largely embrace and even 
supersede the more specific role, and the 
education of the specialist must enable him 
later to help himself to move in that direction. 
The significance of these wider functions, 
and education for them, surely no longer 
needed justification in purely economic 
terms. He suggested that two other 
utilitarian justifications might be noted. 
With the great and growing complexity of 
modern technology there was a correspond- 
ing necessity for technical specialists to 
become sales representatives if we were to 
win our share of the markets of the world. 
This would not be achieved by training in 
minimum terms, Dr. Venables asserted, nor 
yet by the simple addition of appropriate 
languages as additional technical skills. The 
second justification would appear also to be 
self-evident, namely, that the better educated 
a designer was, the better would be his 
designs, and thus the more effective his 
economic contribution. 

By the very nature of its work, and its 
relations with industry and thus with the 
economic conditions of the country, Dr. 
Venables commented, technical education 
could so easily become merely utilitarian in 
outlook. To avoid that hazard a continuing 
strenuous effort was needed. At whatever 
level, and within the means we could com- 
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mand or create, we must try, he said, to think 
in terms of a liberal education and not of a 
narrow technical training. 


PROFESSIONAL SANDWICH COURSES 


Another speaker at the conference was 
Mr. A. A. Part, of the Ministry of Educa- 
tion, whose theme was “The Future of 
Professional Sandwich Courses.” He said 
that the renewal of interest on the part of 
industry in the sandwich course was one of 
the most remarkable signs of the times. It 
was remarkable because the sandwich course 
was not in principle a new idea, and encour- 
aging in that the sandwich course offered the 
best chance of achieving a really significant 
increase in the output of scientists and 
technologists. In the period between the two 
world wars, it was perhaps true to say that 
industry was well served by the combination 
of university degree men, and the men who 
managed to achieve professional status the 
‘“‘ hard way ’—by evening study leading to a 
Higher National Certificate and, in time, 
membership of an institution. Certainly the 
National Certificate schemes had served 
industry well since their inception in 1921. 
They produced a good stream of highly 
qualified technicians, and offered a route 
along which anyone who had had a poor start 
in life, but was blessed with courage and brains, 
could make the professional grade in the end. 
Industry had always particularly valued the 
man who could work his passage in this way. 
But it was a wasteful way as a method of 
producing a considerable proportion of the 
country’s technologists. This did not matter 
so much when production was expanding 
only very slowly, if at all, but it mattered 
very much when the need was to raise to the 
technological level every single man (or 
woman) capable of it. 

When the White Paper on Technical 
Education was written, Mr. Part continued, 
there were about 100 sandwich courses in 
existence, with approximately 2300 students. 
In the 1956-57 session the number of courses 
rose to 169, and though the number of 
students attending those courses was not yet 
known, it could be said that whereas the out- 
put of students from sandwich courses last 
summer was about 500, the intake last 
autumn was over 1000. But what had to be 
aimed at, Mr. Part said, was a total enrol- 
ment of something like 20,000 students, with 
5000 or so enrolling every year. That, he 
urged, was a task perfectly possible, provided 
that the necessary resources were made 
available, and that a real effort was made to 
tackle the many novel problems raised by the 
reshaping of our advanced technical education 
system. Above all, Mr. Part emphasised, it 
was co-operative effort that would count. 
While co-operation between industry and the 
colleges was important in every branch of 
technical education, in the matter of sand- 
wich courses it was basic and had to be of a 
particularly intimate and thoroughgoing 
kind. The very flexibility of the sandwich 
course made it essential that both the colleges 
and the firms concerned must be fully con- 
vinced that they had worked out the kind 
of scheme which best suited the circumstances. 

Another matter emphasised by Mr. Part 
was the work that needed to be done on the 
integration of works training and the college 
study periods. This was perhaps easiest to 
achieve in the case of works-based courses, 
he said, which was one of the reasons why 
most of the expansion so far had taken place 
with this kind of course. But a considerable 
growth of college-based courses must also be 
envisaged. Generally speaking, these would 
be more suitable for smaller firms, who would 
have no need for a steady flow of techno- 
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logists. The college-based course had 
peculiar advantages of its own, and it was 
interesting to note that in the U.S.A. and 
Scotland, for example, sandwich courses, 
where they existed, tended to be of this 
nature. Co-operation both before and 
during the course was just as essential, and 
pointed to the need for strong advisory com- 
mittees on which the college and all the firms 
concerned were represented. There would be 
great advantage in some kind of group train- 
ing scheme on the lines of those already in 
operation in a few areas for the training of 
technicians. The advantage of such a scheme 
was that a full-time consultant could be 
appointed to take charge of the training 
scheme from the industrial standpoint. This 
was an area in which much pioneer work 
remained to be done, and Mr. Part expressed 
the hope that the colleges and local employers’ 
organisations would get down to the job 
together. ; 


TEACHERS FOR TECHNICAL COLLEGES 


On the day following the conference men- 
tioned above, there was published the report 
of a special committee, appointed by the 
Minister of Education, last September, to 
investigate the supply and training of teachers 
for technical colleges. Dr. Willis Jackson 
was the chairman of the committee. 

In some observations on the present 
situation, the report says that the term 
“technical college teacher”’ extends from 
the highly qualified scientist or professional 
engineer to the skilled craftsman, and from 
the top level administrator with many years’ 
experience of mangement techniques to the 
expert in shorthand and typewriting. The 
present teaching staff in the technical colleges 
consists of about 11,000 full-time teachers 
and 40,000 part-time teachers, nearly two- 
thirds of the teaching work being carried by 
the full-time staff. Of these latter, about 60 
per cent have university degrees or the 
equivalent, just over half are engaged in 
teaching science and technology, and about 
one-third have received professional training 
as teachers, most of these being teachers of 
subjects other than technology. Of the 
part-time teachers, about one-quarter are full- 
time teachers in schools and other educa- 
tional institutions who do additional teach- 
ing work in the technical colleges in the 
evenings ;. over half of the total are engaged 
in industry, commerce or the professions. As 
to future needs, the report emphasises that 
the achievement of the Government’s five- 
year plan to double the present number of 
technologists and technicians will require the 
employment within the technical colleges of 
7000 more full-time and 8000 more part- 
time teachers by 1960-61. 

The first recommendation made in the 
committee’s report is that industry must+ 
make an even greater contribution than it has 
been doing to the provision of technical 
teachers. Industry must be willing to accept, 
and indeed to encourage and assist, the report 
says, the transfer to full-time teaching work 
of experienced staff members it can ill afford 
to lose, as the only means of insuring a much 
augmented supply of junior recruits of high 
quality. In the committee’s view it must 
become commonplace for individuals to move 
from industrial to teaching employment, and 
vice versa, or for them to be fully recognised 
members of both at the same time. The 
report adds that unless employers are pre- 
pared to arrange on a greatly increased scale 
for suitable members of their staffs to teach 
part time during the day in the technical 
colleges, the colleges may find it impossible 
to make the educational provision required 
by industry. In particular, it is suggested, 
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carefully selected senior staff members of 
industry, commerce and government depart- 
ments should be brought into close associa- 
tion with the academic activities of the 
Colleges of Advanced Technology and the 
regional colleges through part-time appoint- 
ments “ carrying a special status and title.” 

About remuneration, the committee’s con- 
clusion is that under the scales for technical 
college teachers fixed by the Burnham 
committee, teachers’ salaries need not com- 
pare unfavourably with salaries paid in 
industry. Local education authorities are 
urged, however, to use to the full their dis- 
cretion in the grading of posts, and their 
power to grant increments for previous 
experience. The report goes on to detail 
several factors affecting the conditions of 
employment within the colleges, to which 
attention should be given to make technica! 
teaching more attractive to men of out- 
standing ability and qualification. These 
include more adequate provision of clerical, 
laboratory and research assistants ; improved 
opportunities for periodic return to industry 
to gain further professional experience ; 
opportunities to carry out remunerative 
consulting work, and opportunities for par- 
ticipation in. scientific and technological 
conferences. 

The report then emphasises the improve- 
ment and extension of the training facilities 
for technical teachers. It says that the three 
technical training colleges at Bolton, Hudders- 
field and Garnett (London), need new build- 
ings, including residential accommodation ; 
the number of places should be raised from 
the present figure of about 300 to 500. It is 
also recommended that part-time day, even- 
ing and week-end training courses should be 
developed for both full-time and part-time 
teachers. Another matter urged by the 
committee is the establishment of a residential 
staff college to enable senior college staff to 
study the teaching administrative and tech- 
nical problems of further education in 
conjunction with representatives of industry, 
universities, government establishments and 
schools. 

These are some of the principal recom- 
mendations which the committee has set out 
in its report. A final one is that a permanent 
advisory committee on the supply and train- 
ing of teachers should be set up. This 
committee, it is suggested, should include 
representatives of the local education autho- 
rities, area training organisations, technical 
teacher colleges, and industry and commerce. 


TECHNICAL EDUCATION AND THE HUMANITIES 


Another recent event of significance is the 
despatch of a circular to education authorities 
and principals of technical colleges, in which 
the Minister of Education urges that the 
humanities shall not be forgotten in the drive 
for the expansion of technical education. In 
this circular, the Minister emphasises that, 
alongside their normal studies, technical 
students should develop “‘a broad outlook 
and a sense of spiritual and human values.” 

The Minister acknowledges that, under the 
varying conditions in which technical courses 
are taken nowadays, no one method of 
“* liberalising *’ studies is likely to be generally 
possible, or even desirable. The liberal 
element in a technical course, he says, depends 
as much on how the subjects are treated as 
on what is in fact taught. He goes on to 
suggest that students should learn something 
of the history of their particular science or 
technology, and the depth of its social and 
economic impact on human society. Many 
branches of science offer excellent oppor- 
tunities for deductive reasoning and more 
use should be made of these in group dis- 
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cussions. The circular also calls for an 
increased use of college libraries, and the less 
formal methods of teaching, such as seminars 
and discussion groups, and generally for a 
careful fostering of tutorial relationships 
between teaching staffs and students similar 
to that found in universities. The fullest 
encouragement and facilities should be given 
for the development of corporate life in the 
technical college, and for activities outside the 
set curriculum. Extra-curricular activities 
rely on a certain amount of time being 
allowed for private and directed study, a 
technique which is being increasingly 
employed in some colleges but, the Minister 
says, “there is still a tendency to keep 
students so closely to a time-table that they 
find most, if not all, of their time taken up in 
class rooms, laboratories and workshops.” 
The establishment of close contacts with 
institutions abroad, the circular continues, 
also offers opportunities for liberalising 
technical courses, by exchanges of informa- 
tion, books and technical journals, and 
possibly interchanges of visits. 

But, the Minister adds, the responsibility 
of fostering a liberal outlook rests not only 
on teachers. Examining bodies should be 
concerned with giving a lead on the addition 
of non-technical subjects to part-time courses. 
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It is encouraging to note, the Minister says, 
that certain professional institutions are 
showing interest in ways in which the content 
of the courses for their examinations may be 
broadened. 

It will be of considerable encourage- 
ment to the colleges if this desirable lead 
is followed by other institutions. He 
suggests, too, that employers may influence 
the products of technical colleges through 
their recruitment policies ; it is for them to 
ensure, in co-operation with the colleges, that 
the right kind of student is produced. 
Students need an introduction to the signi- 
ficance of good human relations in industry, 
particularly in view of the increasing use of 
automation. 

The circular ends by saying that the 
suggestions contained in it are offered as a 
contribution to thought and discussion and 
any information and views from colleges 
where these or other ideas are being put into 
practice would be welcomed by the Minister. 
He hopes that local education authorities, 
governing bodies and principals of colleges 
will do all that they can to try out various 
ways of liberalising technical courses and 
that they will seek the co-operation of 
employers and, where appropriate, of univer- 
sities and university institutes of education. 


Gas Engine Analysis 


By EDWARD A. BRUGES, B.Sc., 


Ph.D.* 


The writer has previously shown (references 1 and 2) the method of the Second 
Law Analysis as applied to a number of thermodynamic systems, including an 


idealised internal combustion engine cyele. 


Since then the writer has analysed 


actual tests carried out on an oil engine and on a gas engine, and it is proposed 
to show in some detail the analysis of three of the tests carried out on the gas 


engine. 


The results obtained from the gas engine were superior to those of the 


oil engine because the charge in the cylinder of the gas engine was more 
homogeneous before and after combustion than in the oil engine where there was 
instability during and after the injection of the fuel, which was followed by a 


long period of “ 


IRREVERSIBILITY 


T has already been shown (references ! 

and 2) that the irreversibility for any 
state change per unit mass of fluid, with 
respect to the surroundings at py and 7, is 
given by 


ies Tys]_ . (I) 


Te w | A[E+ pov 
ee (1) expresses in symbols the irre- 
versibility as the amount by which the 
maximum possible gain in available energy 
exceeds the actual gain in available energy. 
For a flow process the irreversibility is 
given by 


lee =" *do- w| -A[H—Tes} . . (2) 


The manner in which equation (1) may be 
applied to a reciprocating unit must be 
examined in greater detail. The representation 
of a state change on a p-v diagram by a line 
implies reversibility for the change. In other 
words, if the area beneath the curve on the 
p-v diagram is taken to be the work quantity 
then there can be no internal friction (turbu- 
lence, &c.) and the path of the change could 
in theory, at least, be retraced. In low speed 
reciprocating units the indicator diagram is 
accepted as representing the true p-v changes 
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afterburning.” 


in an internal combustion engine cylinder even 
though there may be heat losses from the 
fluid to the cylinder walls. The path on the 
p-v diagram represents a reversible change 
for the fluid although not a reversible change 
for the whole system, where the word system 
is taken to include not only the fluid in the 
cylinder but also the cylinder itself and the 
surroundings which receive the heat rejected 
by the fluid. In units where the production 
of work is achieved by means of a flow 
process the apparent paths of expansion on 
p-v diagrams do not represent work and 
such changes are irreversible in themselves 
due to internal friction. Fortunately most 
flow processes are assumed to be adiabatic 
and the irreversibility is easily found from 
equation (2) since d@=0. If in any process 
there is both flow of heat, which is so large 
that it cannot be neglected, and internal 
friction an analysis is impossible unless the 


dQ 


value of (“g In a 


can be calculated. 


reciprocating unit it is necessary to assume 
that there is no internal friction over the main 
parts of the cycle. 

Application of Equation (1) in Compression. 
—Let a gas be compressed from state (1) to 
state (2), the net work of compression 
being W, with TJ, and p, the temperature and 
pressure of the surroundings, as in figures 
1(a) and 1(d). 

Writing a.e. for the available energy we 
have 
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; , Pove 
(a.e.)o E+ 5-404 OSs 778 
(a.e.), =E,4 Pov Tos 144 
ahd | 1 5-404 1 
Increase in 
o(Ve— V1) 
a.e.=(E,—E,)4 ~ 4 ~Tde—5)- (3) 
Useful work expended on the fluid, 
w=(E,-E)—0-"4—") _ . @ 


5-404 
and from Fig. 1(5) 
2 
T—T, 
| 7 dQ {Q-Tis, si}. . 6) 
1 


Applying equation (1) and _ substituting 
from equations (3), (4) and (5) above, the 
irreversibility is given by 


eS (v2—¥,) 
{9 T(S2 Sy) é \(Es E\)—Q- oe a } 
P(V2— V1) 71 
ma. dA . . > 
\(E, E,)+ 5-404 T,(se—5,) f =O 


J 


The amount by which equation (4) exceeds 
equation (3) represents the loss of a.e., 
given by equation (5), due to the transfer of 
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heat from the fluid to the surroundings. The 
loss of a.e. due to the heat transfer is the 
irreversibility so far as returning the system 
to its original state is concerned. Equation 
(5) represents the minimum amount of 
work required to return the system to its 
original state. A similar analysis holds for 
expansion. 

Application of equation (1) to the Combus- 
tion Process.—\t has to be assumed that the 
combustion process is a physically reversible 
process, if not chemically so. During the 
combustion period work may be done on or 
by the gases and heat may be lost to the 
surroundings. A number of cases fall to be 
considered, for example (a) when there is no 
loss of heat or work done, (5) when there is 
loss of heat but no work done and (c) when 
there is both loss of heat and exchange of 


work. —: of — ( 1) in the 
SYMBOLS 
Symbol Designation Units 
_ pea Internal energy ... ... B. 4 U. at ae pound mol.; 
per pound 
sis * Vive ee, eee B. mt U. per pound 
ae Temperature... ... Deg. Fah. absolute 
DP idea: one SR Bd hive: hod ctl Pound square inch 
isa. aoe Volume... ... ... ... Cubic foot per pound 
i Seo, ee -Th.U. per pound 
mol.; B.Th.U. per 
pound 
a — quantity ... ... B.Th.U. 
Ww pe B.Th.U. 
| dk Lower calorific value . ~ B.ThU. per cubic foot 
at S.T.P. 
A.M.W.... Apparent molecular Pound 
weight 
moa Ks Gas constant... ... Foot pound per pound 
deg. Fah. 
AE,  ... HeatofreactionatOdeg. B.Th.U. per pound 
Fah. abs. 
i sas. os Heat of reaction at con- B.Th.U. per pound 
— — 
gee . Pound 
a.e. ace Availabie en B.Th.U. per pound 


‘ae 
Mechanical equivalent Foot sok | per 3 Th.U. 


The thermal papi were taken from Tables of Properties 
of Gases, by — Bruges, Longmans Green and Co., 
Ltd., London, 1948 
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above cases: (a) using the suffix “r’’ to 
denote the reactants or pre-combustion 
mixture and the suffix “‘p” to denote the 
products, we have 

decrease in 
See Por 
se. (Ep + Pee — Tap) —(E, + Pate 
(Ep— E,)-— T (Sp — Sr), SINCE Vp= Vp 

T,(Sp— Sr), since E,— Ep. 


ToS, ) 


Also 


(75 Tu10 0 and W=0. 


Hence the irreversibility, by equation (1) 
To(Sp—Sp)- 
(b) Decrease in 


a.e.=(Ep— E,)— T(Sp—S,) 
QO —T (Sp — Sp) 
where 
Q- E,— E>. 


The heat lost to the surroundings may be 
put to zero if the energy available for raising 
the temperature of the gases is modified 


Hence the \5 TQ — 0 and 


-O and the irreversibility = Q+-7(sp—s7). 
The analysis is shown diagrammatically in 
Fig. 2. The irreversibility is the energy which 
is unrecoverable and this amounts to 0+T7, 


or 


T\ Cc 
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(Sp—Sr). Let C be the point which would 
have been reached from A if there.had been 
no loss of heat. Let B be the point actually 
reached where the loss of heat is equal to 
Q, area BCDE. The effective amount of 
energy released is now represented by the 
area ABEF, but of this amount the area 
HGEF=T,(sp—sr) is rendered unavailable. 
Hence the total irreversibility is Q +7 (sp—s;,) 
as given above. 

(c) If W=the net work done by the 
gases then part of the decrease in available 
energy, the irreversibility, as given above, is 
accounted for by W. Hence using equation 
(1) the irreversibility = Q +7 (sp—s,)— W. 


EXPERIMENTAL RESULTS 


The following results, Table I, were ob- 
tained from three tests on a single cylinder, 
four-stroke cycle Crossley gas engine, fitted 
with “ hit-and-miss ” governing and having 
stroke and clearance volumes of 0-334 and 
0:092 cubic foot. 

The above figures enable the conventional 
energy accounts to be drawn up, legends 
Figs. 3(a), (5), (c). 

In view of the need to obtain the smoothest 
possible running conditions the engine was 
loaded so as to obviate missed cycles. For 
each air-fuel ratio there was a brake load 
just sufficient to keep the speed below that 
at which the governor mechanism would 
operate. In order to get a representative 
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10 20 30 40 5060 80 100 
Percentage of Total Volume 
(a) (b) (c) 
Cycle Work ... 27-3 per cent Cycle Work ... 28-5 per cent Cycle Work ... 26-4 per cent 
Jacket Heat ... 38-1 per cent Jacket Heat ... 33-4 per cent Jaeket Heat ... ... 30-6 per cent 
Exhaust Heat . 24-8 per cent Exhaust Heat... 25-4 per cent Exhaust Heat... 23-8 per cent 
Rad. Paes Rad. ae. wes 12-7 per cent Rad. nae aee 19-2 per cent 
Fig. 3 


indicator card for each test a large number 
of cards were taken and that card which 
showed the average performance was selected. 
The indicator diagrams are shown in Figs. 
3(a), (b),(c), having been replotted as log (pres- 














TABLE I 
| A B Cc 
Gas consumption, cubic feet| 4-016 3-664 3-425 
per minute measured at 
S. 
Air consumption, pound per 1-747 1-791 1-867 
minute 
Air/gas ratio by volume ... 5-418 6-086 6-788 
Speed, r.p.m. : 211-0 211-2 217-8 
Explosions per minute...) 105-3 105-7 109-0 
Missed cycles per minute ... 0 0 0 
Indicated horsepower... ... 11-40 10-85 9-38 
Brake horsepower hed 9-91 9-32 9-28 
Mechanical efficiency .. 0-87 0-86 0-88 
Heat in jacket cooling water,| 673-0 539-7 459-9 
B.Th.U. per minute 
Laboratory temperature,| 73 73 73 
deg. Fah | 
Heat in exhaust gases,) 439-0 409-2 359-0 
B.Th.U. per minute with | 
respect to laboratory 
temperature } | 
Exhaust temperature, deg.) 1547 1479 | 1453 
Fah. absolute . | 
Atmospheric pressure, pound) 14-66 14-66 14-66 
per square inch 
Pressure at end of exhaust} 14-66 14:66 | 14°66 
stroke, pound per square | | 
inch* | 
Pressure at end of suction) 13-96 | 13-96 | 13-96 


stroke, pound per square| 

inch* * 
* Obtained using light spring. 

L.C.V.=440 B.Th.U. per cubic foot at S.T.P. 





ture well above the dew-point for the exhaust 
gases leaving. The heat in the exhaust gases 
as reckoned from the laboratory temperature 
of 73 deg. Fah. was calculated on the assump- 
tion that the water vapour remained as a 
gas and it is this value which is listed in 
Table I along with the calculated mean 
exhaust temperatures. 

Calculation of the Temperature at the 
End of Suction.—The measured temperature 
of the gases leaving the engine is assumed to 
be the same as that of the gases filling the 
clearance volume at the beginning of suction 
so that the mass of those gases can be deter- 
mined. The sum of the masses of the air, fuel 
gas and residuals gives the total mass of the 
charge at the beginning of compression. 
The gas constant of the charge is found by 
calculation and hence the temperature at 
the beginning of compression can be deter- 
mined. 

Temperature at end of suction: A, 727 deg.; 
B, 721 deg.; C, 721 deg. Fah. absolute. 

The composition of gas mixtures by volume 
is ‘given in Table II; of the products in 
Table III and of the precombustion mixture 
in Table IV. 


TABLE I[—Fuel Gas 



































sure) against log (percentage of total volume). CO, . 0-033 
The design of the calorimeter was such that _. - ioe 
with a good flow of water, entering at 50 deg. CO ... . 0-152 

‘ ° CH, . 0-180 
Fah., it was possible to cool the gases to the / -... * 0-498 
laboratory temperature. If this is done ~ a ae nS o-108 
the exhaust gases are cooled below the dew- ee pe ; 
point (around 130 deg. Fah.) and the heat TABLE I1|—Products 
given up and carried away by the water -—— 
includes the greater part of the heat of | A B | c 
condensation given up by the water vapour co, 0-0665 0-0599 0-0543 
‘ H H,O 0-1474 | 0- 1328 0- 1203 
in the exhaust gases. In view of the fact 6:9 | 0:0650 | —0-0793 Saas 
that the analysis being carried out is based \.. 0-7211 0-7280 0-7339 
on a lower calorific value for the fuel gas, 4.0.4 | 27-850 27-948 =| (28-031 
the flow of water through the exhaust calori- 5 35-32 34-98 site 
meter was adjusted so as to give a tempera- —— 

TABLE IV—Precombustion Mixture 
| cH, | co | cH | 4H | ©, | a | N, 
A ...| Mols. | 0-0028 | 0-0212 0-025! 0-0693 | 0-0117 | 0-0187 | 0-1657 | 0-685 
} 

B .| Mols. veel 0-0025 ; 0-0191 0-0226 00625 | 0-0108 0-0147 0- 1696 | 0-6982 
c so Mols. ...) 0-023 0-0173 0-0205 0-0567 | 00-0099 | 0-0135 | 0-1730 | 0-7068 

: | | \ | 

A.M.W.=A, 26°59 ; B, 26-81; C, 27-00. 
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Using the value of the temperature, ob- 
tained for the charge at the end of suction, 
the temperatures and pressures at the other 
main points of the cycle may be found from 
measurements on the indicator cards. Allow- 
ance must be made for the change in the 
number of mols. during the combustion 
process. These results are given in Table V 
and the work quantities as measured from 
the indicator diagrams in Table VI. 


















































TABLE V 
Point Property A B | Cc 
| Pressure, pound 92 7m i 94 
At end of com- per square inch} | 
pression | 
Temperature,deg.' 1159 | 1165 | 1165 
Fah. abs. j | 
Pressure, pound) 344 302 | 268 
At end of com- per square inch | | 
bustion } 
Temperature, deg.} 3818 | 3547 | 3200 
Fah. abs. | 
Pressure, pound 48 48 | 48 
per square inch | 
At release... ... | | | 
Temperature, deg., 2150 | 2141 | 2149 
Fah. abs. | | | 
TABLE VI 
A | B | c 
| Gross | +94:2 | +93-0 | +99-7 
Compression work 1 
. Net ...| +51-0 +50°8 | +56-4 
Work exchanged) Gross +5°4 ~4-4 ~10-8 
during combus- | 
tion | Net .. +4-3 | -—4-4 | —10-°8 
Expansion work to! Gross | —310-3 | —285-7° | —250-0 
int of release | 
ait Net ...| 272-6 | —248-6 | —213-3 
Work done during Net ... ~14-0 -9-0 | 8-7 


release 


All values given are B.Th.U. per pound charge. 
denotes work given to the charge. 


Estimation of AE,.—The measured lower 
calorific value of the fuel gas was 440 B.Th.U. 
per cubic foot, measured at S.T.P. or 440 
x= 406 B.Th.U. per cubic foot, measured 
at 533 deg. Fah. absolute and 14-7 lb per 
square inch. 

Density of fuel gas at 533 deg. Fah. 
absolute and 14-7 Ib per square inch 

144x 14-7 

~ 114-9 x 533 

Hence lower heat of reaction at constant 
pressure at 533 deg. Fah. absolute, 

H,=11748 B.Th.U. per pound. 

Using values obtained from Table VIII 

for energies the following values are found : 





Positive sign 


=0-03456 Ib per cubic foot. 





Enthalpy of air at 533 deg. Fah. absolute 
=128-7 B.Th.U. per pound. 


Enthalpy of gas at 533 deg. Fah. absolute 
er =280-8 B.Th.U. per pound. 


Enthalpy of products at 533 deg. Fah. absolute 
neeiesiiais =136-7 B.Th.U. per pound. 
In the case of test A, the ratio air/gas is 

11-62 by weight and in this case the following 

expressions hold : 
thalpy of reactants=280-8+ 11-62 x 128-7 

o_o =1776-3 B.Th.U. per 

pound fuel gas. 


s=12-63 x 136-7 
Enthalpy of product a 
pound fuel gas. 
The difference between the enthalpies 
above, 51-2, is the amount by which H, 
exceeds AE,. Hence, 
AE,=11748—51-2 
— 11697 B.Th.U. per pound fuel gas. 
Distribution of Heat Loss from Charge to 
Cylinder Walls.—Using the values of energy, 
listed in Table XI and the work quantities 
listed in Table VI, it is possible to estimate 
the heat loss for each part of the cycle. The 
heat loss is denoted by the symbol @Q and is 
listed for the three tests in Table VII. 
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TaBLe VII 
Q A B Cc 
Heat loss during : 

Pear Do Kee nce On AS echt eee 0 
Compression... ... ot 4:2 11-6 
Combustion ... 167-7 oy a 172-6 
Expansion 127-1 PRB nce cee 13:2 
=e _ ig ee es 11-3 6:8 
Exhaust stroke... We sane nice ree 0 


From the estimated values of pressure and 
temperature at the main points of the cycle 
it is possible to evaluate values of energy, 
entropy and specific volume which, in turn, 


enable the function (e: 5 —Ts) to be 


evaluated. Table VIII gives the values E, v 
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and w, respectively. The values of w,A£, 
for each test are appended. 

The details of the calculations leading up 
to the evaluation of the available energy 
(a.e.) and the values of the irreversibility ave 
shown in Tables XI and XII. Some further 
explanation is necessary and this is give) 
with respect to test B, as follows :— 

Except for the first two entries the valucs 
listed in Table VIII are for 1 1b of charg.. 
Accordingly, these are the values which ca. 
be substituted to give the entries in Table X:, 
allowance being made for the presence of 
residuals, both during suction and during the 













































































TaBLe VIII 
T. deg. Fab. |, B.Th.U./Ib | yfeib | aT 
Fuel gas, per pound/fuel gas ... ... ...| | 533 202-1 28-87 3-105 
Air, per pound/air ... ... Se 533 92:0 13-50 1-644 
7 a 7 721 961-3 21-02 1-870 
Attheend of suction ... 2. 0... B | 721 872-0 20-67 1-854 
& 721 798-6 20:53 1-841 
A 1159 1048-7 5-08 | 1-858 
At the end of compression 8 1165 960:8 5-12 1-846 
Cc 1165 | 886-7 4-93 1-831 
A | 3818 | 886-4 4:28 2-079 
Attheend ofcombustion ... ... ... B 3547 802-6 4°51 | 2-053 
Cc 3200 | 703-3 4°57 | 2-018 
A 2150 449-0 | 17:3 2-029 
At the end of expansion... ... ... ...| B 2141 442°1 | 17-1 | 2-019 
| c 2149 440-1 17-1 2-012. 
ok 1715 345+1 45-0 2-044 
At the end of release B 1727 342-2 45-1 2-037 
ae 1729 342-1 | 45-1 2-030 
| A 533 98-7 | 13-98 1-721 
Exhaust gases ... B | $33 98-0 | 13-93 | 1-715 
c 7 533 97-3 1-711 


| 13-89 | 





and s on the basis of | lb of charge—except 
where otherwise indicated. 

Sample Calculations with Respect to Table 
ViI.—In case A, to find E, v and s at 727 deg. 
Fah. absolute, and 13-96 lb per square inch, 
setting out the calculation in a tabular 
fashion, the results obtained are listed in 
Table IX. 

















TABLE IX 
— = ) 
Gas | Mols. | mE | mS | X mim | m4-5S75 
| logiem/m 
C.H, -0028 17 | 0-160 | 357-14 | 0-033 
ee a el 0-0212 77 | 1-048 | 47-169 | 0-162 
CH, ... ...| 00251 | 115 | 1-184 | 39-841 0-184 
H,... ... ...| 0-0693 | 244 | 2-310 | 14-430 | 0-368 
OR ok 0-0117 52 | 0-631 | 85-470 | 0-103 
eee 0-0157 | 69 | 0-747 | 63-694 | 0-130 
a. ...| 01657 | 602 | 8-480 | 6-0350| 0-592 
iss os _0-6885 | 2488 | 32-979 | _1-4524 | 0-511 
1-0000 3664 47-539 c= 2-083 
B.Th.U./ 
Ib mol. 
or 137°8B.Th.U./Ib. —4-575 log o> 
= +0-102 


S=47-539 +2-083+0-102 
= 49-724 B.Th.U. per pound mol. deg. Fah. 

i.e. s= 1-870 B.Th.U. per pound deg. Fah. 

RT _$8-11x727 

144p 144 13-96 
==21-02 cubic feet per pound. 

Total E value= 137-8+w,AE,, for the amount of fuel gas 
present : 


v 


W ,AE, for A=823-5 and 
E= 137-8 + 823-5 
=961-3 B.Th.U. per pound. 
Since the analysis is given per pound of 
charge it is convenient to have the corre- 
sponding masses of fuel gas, air and residuals 
denoted in Table X by the symbols wy, wa 




















TABLE X 
A B Cc 

We... ---| 0°07040 | 0-06297 | 0-05680 |} ran, 
pppes 0-81808 | 0-82185 | 0-82638 | > ji? 
Sec nea 0-11152 0-11518 0- 11682 8 
Total 1-00000 | 1-00000 | 1-00000 
weAEs 823-5 | 736-6 664°4 B.Th.U,/Ib 

! charge 











cooling of the exhaust. During the test a 
loss of 12-7 per cent (see Fig. 3(b)) occurred 
due to radiation, heat unaccounted for, errors, 
&c., but it will be difficult to account for this 
heat in a Second Law Analysis. To get over 
the difficulty this heat may be included in 
the exhaust and a temperature of 1727 deg. 
Fah. absolute is found to be the apparent 
temperature at the end of release, although 
the measured temperature of the exhaust was 
1479 deg. Fah. absolute. The difference 
between these two temperatures accounts 
for best part of the error of 12-7 per cent. 
In any case, there was a short length of pipe 
between the engine exhaust passage and the 
calorimeter and, although well lagged, there 
is an unmeasured heat loss here. 


Gas+ Air.—The value of E 


=0-06297 x 202-1+0-82185 x 92+ 736-6 
=824-9 B.Th.U. per pound. 


using the values given in Tables VIII and X. 


The value of s, in the same way, 
=0-06297 x 3-105+0-82185 x 1-644 
= 1-547 B.Th.U. per pound deg. Fah. 
Cooling of Exhaust and Release.—If it is 
assumed that so far as release is concerned 
the whole of the charge takes part it will be 
correct to assume that only 0-88482 1b of 
products are cooled to the temperature of 
533 deg. Fah. absolute. Thus, the last two 
entries in Table XI, are for 0-88482 lb of 
products. 
Correction of Entropy Values.—Entropy 
of gas+-air 
=1-547 
Entropy of 0-88482 lb products 
=0-88482 x 1-715 
=1-517 
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TABLE XI—B.T7h.U. per Pound Charge 











































































































™ we me CP a OD 





T, deg. Fab. ae | 2 T.s a.e. 8 (ae) 

A: Ges a ee 533 9126 35-4 815-0 133-0 
~~ “at end of suction 727 961-3 57-0 963-7 54-6 adh any 
Atend of compression ... ... ... ... 1159 1048-7 13-8 957-3 105-2 pci 
~~ At end of combustion ~ 3818 886-4 11-6 1108-1 —210-1 ti 
Atend of expansion... ....... .. ..| 2150 449-0 46-9 1081-5 — 585-6 Bae alle 
At end of release 1715 345-1 122-1 1089-5 —622'3 oo 
Cooling of exhaust ... — — = = | rth 140-7 

533 87:7 33-7 815-0 | 603-6 

BM hese oan tas suaoncce: valve od 533 824-9 35-0 808-6 51-3 
~~ At end of suction 721 872-0 56:1 959-4 — 3-3 _ 
~ At end of compression ... ... ... 1165 960°8 13-9 955-1 + 19°6 | coil 
~~ At end of combustion 3547 802:6 12-2 joa | 24 | 
At end of expansion... ... ... ... 2141 442°1 46-4 10761 | —s87-6 | ies 
Atend of release... wee wee 1727 342°2 122°3 1085+7 —621-2 | ia 
Cooling of exhaust ... ccna sn — ni | vi | ~ 138-9 

$33 86:7 33-4 808-6 | —688-5 | 

Sh OS) re aie 533 751-9 34-6 805-4 - 18-9 
rm po ae 721 7986 | S5:7 | 956-2 | —101-9 ei 
At end of compression | 165 886-7 13-4 | 9509 | — 50-8 ae 
Atend of combustion... ... | 3200 703-3 12-4 | 1075-6 | —359-9 “rn 
___Atend of expansion... 2149 “40-1 | 46-4 1072-4 | 585-9 Been 

Atend of release... ow. ee cee oes 1729 342-1 | 122-3 1082-0 | —617-6 

7 Poe eee 1729 302-1 | 108-0 955-6 | 545-5 
| $33 85-9 3-3 | | 686-2 Pye 


805-4 | 








TasLe XIil—/rreversibilities B.Th.U. per Pound 


pe= 14-66 Ib per square inch, T,=533 deg. Fah. absolute. 





Table XII. This figure must be the same as 
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The total energy available is (688-5+-51-3)= 
739-8 B.Th.U. per pound, being the decrease 
in a.e. as the fluid passes through the plant. 
Since the entropies have been corrected it 
is seen that 


Hy=(824-9+35-0)—(86-7+33-4) 
=859-9—120-1=739-8 B.Th.U. per pound, 


also for case B, 
Hy—(cycle work)=739-8—211-2 
= 528-6 B.Th.U. per pound. 


The cycle work is found by summing the 
items listed in Table VI. 

From the list of irreversibilities, Table XII, 
it is seen that the largest loss in each test 
occurs during the combustion process. The 
loss during expansion is very much greater in 
test A than in test B, due to higher tempera- 
tures in the cylinder and larger heat losses, as 
can be seen by referring to Table VII. The 
other losses are much the same for each test, 
which is to be expected from the measure- 
ments made. The total irreversibility or = 
(losses) must equal the heat released less the 
cycle work. The agreement here merely con- 
firms that no calculative errors have been in- 
troduced since the Second Law Analysis must 
balance if the conventional energy account is 
correct. Further, all necessary corrections 
for energy and entropy have to be observed 
if agreement is to be reached. 

The above work was carried out in the 
James Watt Engineering Laboratories, Uni- 
versity of Glasgow, with facilities provided 
by Professor James Small, Department of 
Mechanical Engineering. 


Unification of Screw Thread Practice 


Charge the total energy available less the work done. 
A 4 Cc 
Suction... ... Oe is: “is ee 10°9 
Compression ... ... [ae |, ee 5-3 
Combustion |. |. Gennes 294-6 22 288-3 
Expansion ... |. SD aes ak aes 12-7 
eae ae 46 23-0 
Exhaust |. |... | Serge 138-9 22 140-7 
E (losses) 3... 8s. ee os ee «on 490-9 
H,—(cycle work) cc: on ee sca 490-9 


Correction for gas and air 


—(1-547—1-517) 
—0-030 


The correction for the precombustion 
mixture is found by comparing the entropy 
of the charge at 533 deg. Fah. absolute, and 
14-66 lb per square inch, with the correspond- 
ing entropy of the products. 

Correction for precombustion mixture 


-(1-769—1-715) 
-0-054 


The entropy of the charge at 533 deg. Fah. 
absolute and 14-66lb per square inch is 
1-783 for A, 1-769 for B, and 1-758 for C. 


IRREVERSIBILITIES 


Loss during suction=decrease in available 
energy allowance being made for the energy 
available in the residual gases. The energy 
available in the residual gases is 0-11518 
x —621-2=--71-5. Hence the loss during 
suction=82-6—71-5=11-1, neglecting any 
work or heat quantities which may be 
exchanged during suction. The loss during 
compression, combustion and expansion is 
calculated on the basis of equation (1), and 
the variations of this equation discussed 
above. The loss during release is difficult 
to estimate since this is in the main a loss due 
to free expansion accompanied by heat flow. 
If the loss of available energy through heat 
flow is neglected—it will be.a small quantity 
—equation (1) is applicable. The loss 
involved in cooling the exhaust to the base 
temperature is for 0-884821b of products 
and is obtained directly from Table XI. 

The summation of the losses amounts to 
528-9 B.Th.U. per pound charge, as shown in 


By D. G. SOPWITH, D.Sc., Wh.Sch., M.I.Mech.E.,* and J. E. FIELD.+ 


The publication of B.S. 1580 : 1953, the British Standard for “* Unified Screw 
Threads (with Metric Equivalents),” represented the culmination of a series of con- 
ferences and investigations beginning with the first British-American—Canadian 
Conference on Unification of Screw Thread Practice, in New York, 1943. The 
technical investigations in connection with the thread-unification programme 
were carried out for the most part at the National Physical Laboratory and later 
at the Mechanical Engineering Research Laboratory, and consisted of two main 
sections : tests to determine the optimum form of thread, prior to the recommenda- 
tion of the Unified form at the third American-British-Canadian Conference at 
Ottawa in 1945 ; and tests subsequent to its recommendation to compare the rela- 
tive strengths of the Whitworth and Unified forms, together with some investigation 


of interchangeability. 


HE Unified Screw Threads Standard 
provides in practice for complete inter- 
changeability between ‘ Unified’ (UN) 
threads made to either the British or 
American issue of the standard. The coarse 
series (UNC) corresponds in general in pitch/ 
diameter ratio to the BSW and ANC series, 
and the fine series (UNF) to the ANF, i.e. 
the latter series is finer than BSF. Other 
recommended combinations of diameter and 
pitch are included for special application. 
The thread form is compared in Fig. 1 with 
that of former British and American 
standards. It has the same included angle 
(60 deg.) as the American form, but sub- 
stitutes for the sharp corners a root radius 
slightly greater than that of the Whitworth 
form. The Standard includes equivalent 
metric sizes, to provide for production of the 
Unified thread on the Continent. The Inter- 
national Standards Organisation has recom- 
mended that the Unified thread form be 
included in metric standards. 
The research programme on screw threads 
was begun late in 1944. Some tests earlier 


* Director of Mechanical Engineering Research, East Kilbride, 


‘Ow. 
tT ior Experimental Officer, Mechanical Engineering 
Research Laboratory, East Kilbride, Glasgow. 





This article reports the results, hitherto unpublished. 


in 1944 had shown that truncation of the 
crests of the Whitworth thread caused no 
appreciable loss of static strength. Such 
truncation facilitated production of Whit- 
worth form threads in America as an interim 
measure. The comparison of the various 
thread forms has been based on fatigue 
strengths. There is little difference in the 
static strengths of the usual thread forms, and 
with normal lengths of engagement, failure is 
almost always in the core of the male threaded 
part. Moreover, the vast majority of service 
failures are due to fatigue, where stress con- 
centration effects due to change of cross 
section are much more important and cause 
greater difficulties in design. 

The method of test is indicated in Fig. 5. 
The specimen is a double-ended stud, ?in by 
10 t.p.i., stressed in pulsating tension, with a 
fixed lower limit of 10,000 lb per square inch 
tension. (All stresses mentioned are nominal 
values calculated on the core area of the stud.) 
The use of this form of specimen simplified 
testing procedure and prevented possible 
troubles from bolt head failures. The type 
of stressing was intended to be representative 
of that sustained by a bolt and nut in actual 
practice. It must be emphasised that this 
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AMERICAN NATIONAL THREAD FORM. 


Fig. 1—British Standard, Unified and American 
National thread forms 


investigation relates mainly to the effect of 
thread form on fatigue strength. The strength 
of a bolted assembly depends to a large extent 
on the overall design of the fastening, and is 
affected by such factors as optimum degree 
of tightening, flexibilities of the parts involved 
and load distribution along the thread. 


Series A: TESTS TO DETERMINE OPTIMUM 
FORM OF THREAD 


In Series A, the thread forms investigated 
(Fig. 2) were all symmetrical triangular forms, 
the minor diameter, pitch and depth of 
engagement being kept constant ; the main 
factors of which the effect was investigated 
were included angle and root radius. The 
crests of stud and nut were in all cases trun- 
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cated at the end of the straight flank. The 
range of included angle investigated was 
45 deg. to 65 deg., with associated root radii 
of 0-163 p to 0-115 p respectively (p=pitch). 
Since the depth of engagement was constant, 
the root radius decreased as the angle in- 
creased. A series of four forms of constant 
angle (55 deg.) was also included to find the 
effect of varying the root radius from 0-085 p 
to 0-163 p. (This involved some variation of 
the depth of engage- 
ment, but, as will be 
mentioned later, this 
probably had a neg- 
ligible effect.) 


55° 
=“ 


45° 
ren 


Included Angle (First Series + 
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stresses induced in the thread during rolling 
depend on its form. 

It should be pointed out that these threads 
were rolled after heat-treatment ; most com- 
mercial rolled threads are heat-treated after 
rolling to obtain the desired static strength. 
(This is of importance, for example, with 
small bolts which can easily be “* twisted off ” 
during assembly, and in modern construct- 
ional bolting.) The threads are rolled on 
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Two representative 
materials were used 
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for the studs : 

(a) A hardened and 
tempered manganese- 
molybdenum steel 
(Enl16T) of about 624 
tons per square inch 
tensile strength. 

(6b) A 0-38 per cent 
carbon steel (3S1-— 
present equivalent 
specification En7) of 
about 39 tons per 
square inch tensile 
strength. Steel to the 
free-cutting version 
(3S1(N)) of the same 
specification as (b) was 
used for the nuts. 

Both rolled and 
ground thread studs 
were tested in the high- 
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tensile steel; the low ae 
tensile studs were cut Sr | orsuds | | Ji9 
in the lathe. The (Lathe-cut thread) cinco ae 
results of the testsare jg | an | ee 55° J 
included in Fig. 4. | 
They lead to the fol- | 44 
lowing conclusions. $r | 

Thread Form.—The 4-0 35 30 25 2:0 107mm 
geometrical effect was a eee i , i , ra ; 
only slight. In general 160 150 140 130 120 110 100 90 80: 7010% im 

Root Radius ‘ 


there was a slight in- 
crease of strength with 
root radius, which 
seemed to be the determining factor (curves 
3 and 4). With constant radius, the effect 
of angle was negligible over the range investi- 
gated (curves 3 and 3B). 

Method of Production—The cold-rolled 
threads were much stronger than the 
machined threads (curves 1 and 3). The 
extent of this difference increased progres- 
sively from 60 per cent in the 65 deg. to 100 
per cent in the 45 deg. form. This would seem 
to be due to some effect of variation of form 
on the rolling process, e.g. the compressive 




















Fig. 4—Variation of fatigue strength with root radii and angle 


the material in the soft condition to minimise 
die wear and to facilitate cold heading. Such 
subsequent heat-treatment causes loss of 
fatigue strength gained by cold rolling. 


SERIES B : COMPARISON OF FATIGUE 
STRENGTHS OF WHITWORTH AND UNIFIED 
THREAD FORMS 

The specimen size (jin by 10 t.p.i.) and 
materials were the same as in Series A. In 
this case rolled threads of each material were 
tested, as well as ground and lathe-cut threads 
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Fig. 2—Forms of thread with various root radii and included 
angle tests 


investigated in Series “ A” 


Fig. 


R,= 0103p (3% basic) 
R3= 0068p (1/2 basic) 
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3—Whitworth and Unified thread forms with various root radii, 
as investigated in Series ‘‘B”’ tests 
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in high and low-tensile steels respectively. 
[he programme was extended to a smaller, 
geometrically similar, size of specimen, in 
by 20 t.p.i. (This is the BSF size and a UN 
thread intermediate in fineness between UNC 
and UNF.) Basic forms only were tested in 
this smaller size ; in the larger size, the root 
radius was varied to cover the probable range 
in practice. The thread forms investigated 
are shown in Fig. 3. 

The results of these tests are summarised 
in Tables I and II. Those on the jin threads 
are also included in Fig. 4. The following 
conclusions have been drawn from the tests. 

Thread Form.—The geometrical effect of 
thread form is not very great, as found in 
Series A (curves 3A and B, 4A and B). 








Oscillating Beam 
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Fig. 5—Method of test 


Diminishing the root radius to three-quarters 
basic value reduces the fatigue strength by 
10 to 20 per cent. The corresponding reduc- 
tion from the fatigue strength of the basic 
form, for a root radius of half basic, was only 
15 to 20 per cent. These figures cover ground 
and lathe cut threads in the high and low 
tensile steels, respectively. 

Method of Production—The cold-rolled 
threads are again much stronger (80 to 110 
per cent) than the machined threads (curves 
1A and 3A, 2A and 4A, 2B and 4B). A 
separate series of tests indicated that the 
fatigue strength of cold-rolled threads is 
markedly dependent on the rolling conditions, 
especially the rolling time. Effects of this 
nature can completely mask the effect of 
geometrical form, direct or indirect. (See 
under Series A, “* Method of Production.’’) 
It also appears that the much smaller degree 
of work-hardening occurring during the 
lathe-cutting operation may be sufficient to 
mask the slight direct effect of geometrical 
form. 

Crossed Pairs——No loss of strength was 
found to be caused by “ crossing’? UNC 
and BSW threads, i.e. assembling a nut of 
one form on a bolt of the other and vice 
versa, where low tensile (40 tons per square 
inch) nuts are used. Such crossing is likely 
to occur during the period when UNC and 
BSW threads are both in current ‘use, 
owing to the large measure of interchange- 
ability between them. The slight local plastic 
deformation obtained with low tensile nuts 
improves the load distribution, and with 
studs and nuts both of 60 tons per square 


THE ENGINEER 


795 


TABLE I—Summary of Results of Fatigue Tests on Specimens of Unified (UNC) and BSW Forms, Series B 













































































din by 10 t.p.i. 
| Type of stud Type of nut Seeett 
| Thread particulars | fatigue 
Series } ! range 
Steel Method Nominal | Mean of actual | Steel Thread* (10° 1b/sq. 
of pro- Form root radius | radii of studs form in) 
| | duction (10-*in) used (10~*in) | 
| High-tensile (624; Ground UNC(6) 144 | 145 Low-tensile (35) UNC(6) 294 
: tons/sq. in) UNC(06) 108 11 | to 40 tons/sq.| UNC(6) 254 
5 | Eni6T UNC(006) a | 69 | in), 3S1(N) UNC(6) 25 
£ on BSW(7) 137 | = BSW(7) 28§ 
$4 | | BSwioy) 107 a BSW(7) 25§ 
55 | | BSW(007) eo. 66 | BSW(7) 224 
aac Rolled | UNC(6) 144 140 | Low-tensile (35| UNC(6) 624 
Eo UNC(06) 108 104 | “to 40 tons/sq.| UNC(6) 46 
gz UNC(006) 72 — | in) 3S1 (N) NC(6) — 
¢ BSW(7) 137 us BSW(7) 50§ 
zs | BSW(07) 103 101 BSW( 
ae | | | BSW(007) | 68 on | BSW(7) pe 
vs j — | 
83 | Low-tensile (39| Lathe cut | UNC(6) = | = | Lon & UNGS i744 
y 1 4 . in)} UNC(06 1 | 1 to tons/sq. 
") 2 Netoos) m | 15 | in) 381 (N) UNC(6) 7 
De | BSW(7) 137 | 137 BEWi) 1654 
ce | BSWi07) 103 | 106 BSW(7) 124 
23 Pa BSW(007) 68 68 | | BSW7) | 16 
ge Rolled | UNC(6) * 144 135 | Low-tensile (35, UNC(6) | My 
gé | UNC(06) 108 100 | to 40 tons/sq.| UNC(6) | 32 
| UNC(006) 72 71 | in)3S1(N) | UNC) | 324 
g | BSW(7) 137 119 | BSW(7) 28 
) BSW(07) 103 97 | BSW(7) 35t 
| BSW(007) 65 | BSW(7) | 354 
f. High-tensile (624) Ground | UNC 144 | 142 | Low-tensile (35) UNC(6) | 30 
323 ms tons/sq. in), | (round | | to tons/sq. 
35° % Enl6T | _ crests) in) 3S1(N) | 
BEE | | UNC 144 142 | UNC) 294 
‘5a | (flat crests) | | 
3 | See Fig. 1 | | | | 
| High-tensile (624] Ground | UNC(6) | 144 142 | Low-tensile (35] BSW(7) |  32t 
| tons/sq. in), | BSW(7) 137 138 to 40 tons/sq.. UNC(6) | 294 
| Enl6T in) 3S1(N) | 
£ | UNC(6) | 144 143 High-tensile (62, BSW(7) | 28 
1 BSW7) | 137 138 | — tons/sq. in) | UNC) | t 
3 | | Rolled | UNC(6) | 144 136 Low-tensile (35) BSW(7) | 594 
8 BSW(7) | = 137 121 | to 40 tons/sq.) UNC(6) 4831 
5 | | | | in) 3S1(N) | 
| | UNC(6) 144 136 | High-tensile (62) BSW(7) |  38I 
137 122 | tons/sq. in) | | 4it 
| 


| BSW(7) 





* Nominal root radius basic in all cases. 


+ Estimated on basis of 10’ cycles endurance ; 10,0001b per square inch minimum stress of cycle ; maximum stress of cycle 


= (10,000 Ib per square inch + quoted figure). 


t Indicates uncertainty due to scatter of results. In the worst cases this uncertainty amounts of +2 x 10* Ib per square inch. 


§ Estimated from Series I tests on similar 55 deg. thread forms. 


|| But, of the seven assemblies tested at ranges of 38,000 Ib per square inch to 50,000 Ib per square inch, none broke at an endurance 


of less than 5 x 10° cycles. 


{| Some badly finished specimens with irregular root radii gave about 17,000 Ib square inch limiting fatigue range for both UNC 
and BSW threads, with less scatter in the results than for the well-finished specimens. These results on the low-tensile steel are 
probably complicated by work-hardening occurring during the cutting operation. 


TaBLe II—Summary of Results of Fatigue Tests on Specimens of Unified and Whitworth Forms 


Type of stud 


din by 20 t.p.i. 






































Type of nut 
Thread particulars Estimated limit- 
Steel —-- ;=——_—_—— = — } ing fatigue range 
| Nominal* | Thread* (10° Ib/sq in) 
| Method Form* root Mean of actual Steel form 
of pro- | radius | radiiofstuds | 
duction (10“in) | used (10~in) 
——— 4} : 
High-tensile En16T (60| Ground UN(16) | 72 71 | Low-tensile 3S1 (N)| UN(16) 274 | 
tons‘sq. in) | BSF(17) | 68 68 | (37 tons/sq. in) BSF(17) | 284; 
— | 
Rolled | UN(I6 72 71 UN(16) 48+ 
awe BSE?) 68 57 | BSF(17) <43 to 467 
- | —_ / 
Low-tensile 351 (39) Lathe cut UN(16) | 72 75 UN(16) | 17¢t 
tons’sq. in) | BSF(17) 68 68 BSF(17) 20tt 
Rolled UN(16) | 72 68 UN(16) | 2847 
___|_BSFU7) | __68 56 BSF(I7) |__ 264+ 





* Nominal root radius basic in all cases. Stud and nut of same nominal form in all cases. ) . " 
+ See notes on lathe cut and rolled threads under Table I, of results on jin by 10 t.p.i. threads, and in text under Series B, ““Method 


of Production.”’ 
t See note under Table I. 


inch steel there is a slight decrease in strength 
in the ground studs and a marked decrease in 
strength in the cold-rolled studs. 

Reduction of Depth of Engagement.—Tests 
on both ground and rolled threads showed 
that drastic reduction of the depth of engage- 
ment, even to 25 per cent of normal (i.e. to 
20 per cent of full depth with rounded crests), 
causes no loss of fatigue strength, provided 
the truncation is equally distributed between 
stud and nut, or is all or mainly in the nut.{ 
It is not surprising, therefore, that removal 
of the rounded crest alone causes no appreci- 
able change in strength. 

Size Effect.—No appreciable difference was 
found in the fatigue strengths of the fin by 10 
t.p.i. threads and the jin by 20 t.p.i. 

t These conclusions apply to repeated loading. For the effect 
of reduction of depth of engagement in static loading, see Smith 
and Low, “ Effect of Fit and Truncation on the Strength of 
Whitworth Threads,’’ Engineering, Vol. 168, page 93 (July 22, 
1949). It is there shown that the elastic strength is unaffected and 


the breaking strength is affected only when using short nuts, by an 
amount of truncation considerably greater than the normal. 





threads. A separate series of tests$ on 2}in 
diameter ground threads of 4mm and 6mm 
pitch, in a 34 tons per square inch steel, 
indicated that in this larger size, a reduction 
in fatigue strength of about 10 per cent due 
to size effect is to be expected. This is borne 
out by Taylor’s results on 3in by 6 t.p.i. 
Whitworth threads.'| ; 

The results of tests are summarised in 
Tables I and IJ. From the strength 
point of view the Unified thread form is 
somewhat superior to the Whitworth. This, 
coupled with the advantages of interchange- 
ability, should commend its use. 

Recent surveys of bolt production, by 
two large United Kingdom producers, indicate 
that usage of Unified threads is now com- 
parable in extent with that of Whitworth 
threads, especially for high grade bolts, 

_ § Field, J. E., “ Fatigue Strength of Screw Threads —Effect of 

i Size and Hi of Nut: Material,’’ THe ENGINEER, 


Specimen 
198, 5139, 1954, July 23, pages 123-124. 
\| Trans. Inst. Marine Eng., 64, 12, 1952, December, page 233 
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Projection Planetarium and Shell 
Construction 


By PROFESSOR WALTHER BAUERSFELD * 
No. I]—(Concluded from page 757, May 17) 


On Friday, May 10, a James Clayton Lecture before the Institution of Mechanical 
Engineers, was delivered by Professor Walther Bauersfeld. Between the wars, the 
Carl Zeiss company developed a very ingenious device for projecting images 
of the sun, planets and stars on to the interior surface of a dome, giving to those 
images their proper motions. Planetaria utilising this device were subsequently 
erected at several places in Germany, in America, in Italy and in Russia. A 


planetarium of the same kind is to be erected in London. 
Bauersfeld tells the story of the development of the device. 


Here Professor 
The construction 


of the necessary domical building led in turn to the development of shell con- 
struction and the lecturer tells the story of this development, too. 


THE SHELL CONSTRUCTION 


HEN we approached achievement of 

the first instrument at Jena in 1923 
we still lacked a hemisphere-shaped ceiling 
for controlling the combination of all its 
projectors. That was necessary for adjust- 
ing the projectors carefully in order that 
every star had its correct place on our 
artificial sky. At first we thought of a 
tent on one of the roofs of the factory 
buildings. But woven materials were very 
expensive in Germany, whereas iron in 
the form of rolled plates and bars was rela- 
tively cheap. Therefore we got the idea of 
building a hemispherical network of about 
50ft in diameter by iron bars of lengths about 











Fig. 4—Nodal joint of the network 


2ft, rectangular in cross-section, which could 
easily be screwed together in knot points by 
five or six by means of a suitable device 
(Fig. 4). The lengths of the bars could not 
be uniform. It was necessary to calculate and 
cut them very carefully so that the network 
assumed exactly the desired spherical curva- 
ture (Fig. 5). When finished, it proved so 
rigid that a number of workmen could move 
on it, although it weighed less than 2 lb per 
square foot. For calculating the strains of 
the bars from the weight of the construction 
and with additive loads it was not possible 
to use the ordinary methods of calculating 
framework for this construction of about 
4000 bars. We therefore adopted a method 
for calculating the strains and the elastic 
deformations approximately by comparing 
it with a hollow sphere of the same diameter, 
but consisting of a shell of uniform thickness. 
A plain framework, consisting of iron bars of 
uniform lengths of 2ft and of the same cross- 
section as the bars in our dome, the unit cell 
of which is a regular triangle, has, exposed 
to forces acting in its plane, the same elastical 
properties as an iron plate of uniform thick- 
ness, the weight of which is one-third of that 
of the framework. Trials were made to 
verify these relations. Even Poisson’s ratio, 
which is theoretically calculated for the net- 
work as one-third, differs slightly with the 
corresponding value 0-3 for the iron plate. 
More difficulties were presented by the 





~* Member of the Board of Management, Carl Zeiss, Ober- 
bochen. 





strains and the deviations from the correct 
spherical shape near the rim of the dome, 
for the calculations of which I succeeded in 
finding a satisfactory solution by simple 
formule which were first published by my 
son-in-law Geckeler (1928)+ In connection 
with these problems we were compelled to 
study the elastic stability of the loaded shell, 
for an exact hollow sphere of uniform thick- 
ness under the effect of uniform radial forces 
breaks down if these forces reach a certain 
limit which, for a thin shell, may lie far below 
the limit of elasticity. These questions had 
already been treated in the literature, but on 
account of the importance of this question 
we made a number of tests which induced us 
in shell construction to remain far below the 
critical limit. In our tests we observed 
breaking down with a load of only one-fourth 


of the critical value which the theory 
demanded. 

These matters were later of the greatest 
importance. 


Now let us go back to the framework 
which had been erected on a factory roof at 
Jena. We planned to cover it first with a fine 
network of thin wire in order to embed the 
whole construction in a layer of gypsum of 
thickness about I4in. But gypsum did not 
appear advisable because it would not be 
waterproof and so we inquired of an engineer, 
of Dyckerhoff and Widmann, who were 
engaged with factory buildings in ferro- 
concrete for the Zeiss works, if he could not 
Suggest a waterproof cement instead of the 
gypsum. He replied, “ Yes, just recently we 
have tried a new method of sprinkling 
cement of viscous consistency by a hose 
similar to that of fire-fighters. If in the 
+ Geckeler, F. W., 1928, Elastostatik, in Geiger-Scheel, Hand- 
buch der Physik, Part 6 (Berlin). 





Fig. 5—Network of the first shell construction 
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interior of your framework we fix to it a 
wooden shield of suitable spherical curvature, 
against which we ‘sprinkle cement in thin 
layers one after another, we can avoid the 
concrete running off the inclined surfaces. 
Within a few days the cement will be stiff, 
we take away the shield and you get a fine 
smooth surface in the interior of the dome 
which is to be sprinkled by a white colour to 
represent an ideal surface for the projection.” 

In this way our dome was made. Some 
days later Mr. Mergler asked if we had’ not 
thought of patenting that method of con- 
struction, and explained the method would 
open a quite new way for roofing over large 
halls. And so it happened that our smal! 
dome became the first example of shell con- 
struction. 

These thin shells or membranes have the 
great advantages of small weight and low 
costs and, moreover, make possible the 
building of roofs of much larger dimensions 
than before without the use of supporting 
pillars inside the roofed halls. The methods 
of calculating the strains in shell construc- 
tions differ largely from the methods used in 
architectural work. They were not new for a 
mechanical engineer, and have been described 
above. 

To explore the possibilities of this new 
method we made an agreement with the firm 
of Dyckerhoff and Widmann, and so were 
able to discuss all relating questions with the 
leading expert for statics in that firm, Dr. 
Dischinger, who later lectured as Professor 
in Ordinary at the Technical University in 
Berlin. The result was an excellent example 
of team work. I remember these months as 
a very happy time and I was especially fond 
of Dr. Dischinger, of his faculties, his 
knowledge, and his amiable character. To 
our team belonged, furthermore, the above- 
mentioned Dr. Geckeler and a young engineer 
and mathematician, Dr. Finsterwalder, who 
had been sent to Jena by the firm Dyckerhoff 
and Widmann in order to be acquainted with 
our methods of investigation and who later 
became a member of the management of this 
firm. The progress which was obtained by 
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I—Medieval construction. 
Ii—Modern ferro-concrete construction. 
I1l—New shell construction. 


Fig. 6—Graph of the weights of domes 


shell construction is shown in Fig. 6, by Dr. 
Dischinger, which shows three curves for the 
weights of dome buildings in relation to their 
diameters. The steepest curve I refers to 
ancient erections (for instance, St. Peter in 
Rome), the second II to modern ferro- 
concrete construction (example, a_ large 
concert hall at Breslau of about 200ft in 
diameter), and curve III to the shell con- 
struction method. 


THE CYLINDRICAL SHELL 


Dr. Dischinger was the first to suggest 
that the advantages of the shell construction 
would not be confined to spherical domes 
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and roofs:..with a double curvature, and that 
similar advantages should be gained by 
cylindrical shells. 1 was sceptical at first 
until I began to investigate theoretically the 
strains and elastic displacements of a loaded 
cylindrical shell. The result was very 
surprising to me. For it showed that the 
displacements normal to the surface are only 
slightly larger than in tangential directions, 
provided the cylindrical shell is not too long 
in direction of the cylindrical axis and that 
its curved edges are stiffened by solid beams 
or plates of sufficient thickness. The results 
of these theoretical calculations were fully 
confirmed by a test which we performed with 
a pressure vessel of brass in the form of an 
elliptical cylinder. 

This experience meant for our small team 
plenty of new problems which offered many 
more difficulties than the spherical shell. It 
had been very easy to discuss the differential 
equations for the tangential strains of a 
cylindrical membrane, but greater difficulties 
arose when regarding the strains and deforma- 
tions near the rims of such a shell where it 
was to be affixed to walls or strong beams of 
a building. For spherical shells and shells 
which show an equal symmetrical cross- 
section in all vertical planes through a 
common vertical axis I had, as mentioned 
above, given a simple method for gaining 
approaching solutions. The main idea of the 





Fig. 7—First practical construction of cylindrical shells 


procedure being based on the presumption 
that the elastic perturbations of the shell 
normal to its surface, which cannot be 
avoided near the rim, are limited to a small 
range in the neighbourhood of the rim where 
they rapidly diminish with the distance from 
it. These rim displacements have a periodic 
character with a short wavelength and 
strongly diminishing amplitudes. In cylin- 
drical shells the displacements near the 
curved rim have a similar character, but not 
in the neighbourhood of the straight rims. 
Here the wavelengths are very much greater 
and for this reason the effect of such dis- 
placements extends often over the whole 
shell, and the calculations prove very 
difficult. 

Mr. Dischinger was especially interested 
in finding simple forms for roofing rectangular 
rooms with concrete shells to compete 
successfully with iron framework con- 
struction. First he experimented with 
spherical shells. But very soon his interest 
was concentrated mainly on the cylindrical 
forms. Assisted by Dr. Finsterwalder, who 
proved very clever in mathematical calcula- 
tions, he soon succeeded in solving the diffi- 
cult problems concerning the rim sufficiently 
to risk constructions for larger buildings. 
The first practical erection of a cylindrical 
roof was performed on a factory building of 
the Zeiss works at Jena (Fig. 7). 


Fig. 8—Ferro-concrete quay sheds of shell vault construction in the port of Hamburg: the shell being 
sprinkled with 


The next step of Dr. Dischinger was to 
renounce the iron network as a fixed skeleton 
for the roof, for after finishing the concrete 
shell it takes only the part of the usual wires 
in ferro-concrete. It proved cheaper to use 
the ordinary method of a wooden framework 
to support the wooden shields on which the 
fluid cement had to be sprinkled after covering 
the shields with the iron wires in the direc- 
tion of highest strain (Fig. 8). In this manner 
the result is a thin shell of reinforced concrete 
with an essentially smaller percentage of iron. 

During the past thirty years the shell- 
concrete construction has expanded over the 
whole world. At the end of 1941 the firm of 
Dyckerhoff and Widmann estimated the 
total area which had been roofed by shell 
construction at more than 1,600,000 square 
yards. The actual figure I am quite unable to 
estimate. 


CONCLUSION 


Now I have given you a report abeut a 
chapter of my life characterised by lucky 
circumstances that twice gave me the oppor- 
tunity of ploughing virgin soil, which in both 
cases I never could have done if these tasks 
had not come to me. Then, and also more 
still in my later years, I was aware that if we 
believe we have found a good idea it is not we 
who think, but the idea thinks within us. 
Ideas come to us without our action, but we 
must hold ourselves ready to accept them. 





GROUND RADAR CALIBRATION.—The calibration 
of radar installations for ground-controlled approach 
facilities at British airports has hitherto been per- 
formed by flying an aircraft through the glide path at 
a known constant height and correlating the range 
and elevation observations ; altitude was obtained 
accurately by photographing from the aircraft 
accurately spaced marks painted on the runway. 
This procedure is to be obviated by applying an 
established technique for tracking aircraft: a 
camera is sited at an accurately surveyed point 
near the foot of the glide path, looking out along 
the approach and including in its field of view a 
sign of an exactly known size and distance. Another 
camera monitors the radar displays ; when an air- 
craft is. coming in to land the two cameras are 
triggered simultaneously. The height and range of 
the aircraft can be determined from the photograph 
from a knowledge of the distance between the outer 
propeller bosses, or the landing lights at night, and can 
be compared with the indications on the controller’s 
tubes. A graticule is included in the optical system 
of the camera for rapid assessment, and each camera 
is calibrated for anachromatic errors. Since the 
cameras are f.24 air survey instruments, they are 
fully equal to recording aircraft at up to 25,000ft 
distance. By this technique any landing on the 
appropriate runway can offer a check on the radar 
installation. It is proposed to extend the technique 
to the calibration of instrument landing systems by 
coupling the camera on the aerodrome through a 
simple radio link to one surveying the pilot’s 
indicators. 
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LETTERS AND LITERATURE 


Letters to the Editor 





( We do not hold ourselves responsible for the opini of our 
correspondents ) 
LOCOMOTIVE TRIALS—WESTERN 
REGION 


Sir,—I feel sure I am not alone amongst 
your many readers who have studied with 
interest Mr. Nock’s recent articles in your 
issues of April 12 and 19, describing the 
performance of “* King ”’ class locomotives in 
heavy duty on the Western Region, B.R. 

The modifications made to the draughting 
arrangements as a result of experiments made 
at Swindon seem to have produced quite 
extraordinary results in the evaporative power 
of the boilers, which I have set out in the 
accompanying table. It will at once be seen 
that the rates of evaporation achieved are 
outstanding. A few words are required by 
way of explanation. The statement is 
arranged according to the rates of steam pro- 
duction, ranging from 20,800 Ib to 29,835 Ib 
per hour and, with the exception of the data 
shown in column 3, are as given in THE 
ENGINEER articles under notice. 

The results in column 3 were obtained 
during a special test on the road with a very 
heavy train and known as a “ Controlled 
Road Test,” when the rates of evaporation 
and firing were held constant at the hourly 
rates given. All the other results are averages, 
obtained during specific runs in ordinary 
traffic. The numerical values relating to 
the steam produced in relation to the fuel 
used are of interest, but can be better shown 
by the plot presented where water/fuel ratios 
are plotted against firing rates in measured 
thousands of pounds of coal per hour. 
Further, since reference was made in the 
articles to the results obtained with a “ King” 
class engine, No. 6001, when under test on 
the Swindon plant, a line depicting the 
water/coal ratios realised during these specific 
trials has been added and, where this line 
intersects a vertical corresponding to a 
definite firing rate, the corresponding boiler 
efficiency is given. The plotted points are 
numbered in accordance with the column 
numbers in the tabular statement. 

The water/coal ratios given by the line 
drawn on the graph and the boiler efficiency 
values have been developed from Mr. 
S. O. Ell’s paper on “ Locomotive Testing,” 


Boiler Performance—W.R. “ King” Class Locomotives. 
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Steam pounds per pound) 7°44 8-3 6-91 7-08 
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Institution of Locomotive Engineers, 1953. 
Unfortunately, the different graphs from 
which these values are computed are rather 
small, so making it difficult to establish these 
data precisely, but any differences are, even 
so, probably small. 

In view of the fact that the Swindon results 


are alluded to in the articles, it is assumed 
that the different runs described were made 
when the coal fired was equal in heating 
value to that used’ on the plant and for the 
road test, column 3. Referring to this par- 
ticular test, it will be noted that the graph 
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Evaporative performance ‘‘ King *’ class locomotives 


shows a boiler efficiency of 61 per cent, 
whereas the actual road test gave an efficiency 
of 63 per cent, a remarkable result, showing 
how extremely accurately these trials are 
carried out. 

A point arresting attention is the evapora- 
tive performance of the boiler having the 
double chimney and duplex blast pipes. Here 
the water/coal ratio shows a low value when 
compared with the other results, even though 
the firing rate is the lowest, namely, 84-5 Ib 
of coal per square foot of grate area per hour, 
being, therefore, the opposite to what would 
have been expected. Without further infor- 
mation it is not possible to assign a reason for 
this. 
Referring to the performance of the 
“King” class engine when developing a 
mean drawbar horsepower of 1020, Dr. 
Tuplin remarks in your issue of May 3 that 
this should not place a severe demand on a 
grate having an area of 34-3 square feet. 
This is, I submit, not a very satisfactory way 
to judge the performance of the locomotive. 
Let us see what the engine was doing during 
this particular run. The net mean steam 
rate was 29,835 lb per hour and the mean 
speed 65 m.p.h. Under such conditions the 
engine would develop 1950 cylinder horse- 
power and the corresponding drawbar horse- 
power would be 1320. The power required 
by the locomotive is, therefore, 630 h.p. The 
actual power measured at the drawbar 
averaged 1020 h.p. so that, in fact, the power 
required by the locomotive was 930 h.p., 
meaning that the specific average resistance 
offered by the locomotive was increased under 
the conditions ruling, i.e. track and climatic, 
by 47 per cent above the resistance on a 
level tangent and in still air. The locomotive 
is in no way responsible for the added 
resistances to traction prevailing and should 
not, therefore, be judged by the drawbar 
horsepower actually given by the dynamo- 
meter. 

Actually the engine produced 57 i.h.p. per 
square foot of grate area, which is, I think, a 
high figure, though on the other hand, the 
coal used was of very good quality and 


evidently could be “ fired” at a fairly high 
rate with a good efficiency ; losses due ‘vo 
fuel escaping unburned were, it would seer, 
low. With coal of a lower grade, more gra‘c 
area would be desirable, meaning a wide 
firebox. 

E. C. POULTNry 

London, N.W.3. 
May 8, 1957. 


Sir,—May I reply briefly to one or two 
points raised by correspondents in connection 
with my articles on locomotive trials ? 

Dr. Tuplin writes rather deprecatingly of 
the average drawbar horsepower, 1020, 
sustained between Exeter and Reading on 
March 11, 1955. I would remind him, how- 
ever, that this was an average, and moreover 
an average uncorrected for gradient. Under 
steady conditions of steaming a “ King” 
class locomotive, at 30,000 Ib per hour, will 
give an output of 1300 d.b.h.p. at 65 m-.p.h. 
on level track, but on the Cornish Riviera 
Express there are many times when an engine 
cannot be steamed at the maximum, due to 
speed restrictions, and downhill stretches 
where the highest desirable speeds can be 
attained easily. The diagram on page 560 of 
your issue of April 12 shows what heavy 
work was needed intermediately, and there, 
to take a single example, the actual d.b.h.p. 
of 1400 attained near Patney would be 
equivalent to about 1650 on level track. 
There are times also when a transitory horse- 
power greater than this is attained. 

Dr. Tuplin cannot understand my sug- 
gestion that for the internal combustion loco- 
motives of the future a capacity of 3000 h.p. 
should be considered. The point is, that for a 
nominal horsepower of 3000 you do not ever 
get 3000 for tractive purposes—or anything 
like it. The Southern Region 2000 h.p. 
diesel-electric, No. 10203, gave an absolute 
maximum of 1430, and this fell off to 1270 at 
65 m.p.h. There is no means of getting any 
more, whereas a skilful crew on a steam loco- 
motive can, by mortgaging the boiler to a 
limited extent, get an extra effort for five or 
ten minutes to assist in climbing a heavy 
bank at high speed, knowing that on the easy 
stretch to follow they can readily pull the 
boiler round. If no more than 1250 to 1300 
d.b.h.p. can be expected from a diesel-electric 
of 2000 nominal horsepower, one could not 
reasonably expect more than about 1900 to 
2000 out of a 3000 h.p. machine. We are 
promised great improvements of service in 
the future, and surely a target of 2000 d.b.h.p. 
maximum on the level is not an inordinate 
increase over the 1300-1400 of the “ King” 
in similar circumstances of maximum effort. 

Mr. Alcock raised the question of the 
110 m.p.h. attained at Curry Rivel Junction. 
This speed was attained when two senior 
members of the locomotive department were 
riding on the footplate for observational 
purposes. The build-up began immediately 
after the Castle Cary speed restriction had 
been observed, and the maximum speed was 
corroborated by two independent stop 
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watches. Knowing how very carefully all 

data recorded by the Locomotive Testing 

Office at Swindon is scrutinised before 

acceptance, I see no reason to doubt the 

speed claimed. O. S. Nock 
Bath, May 16, 1957. 


REVERSING GEAR 


Sir,—In reply to the letter by D. Guthrie 
regarding the use of twin prime movers and 
differential gear for the purpose of obtaining 
variable speed and reversal for marine pro- 
pulsion (THE ENGINEER, April 19, 1957), I 
would like to make the following comments. 
The suggestion, although ingenious, is not 
practical. If turbines A and B are running 
at identical speeds, i.e. idling with sufficient 
fuel input to supply no load losses, and A is 
speeded up by the addition of more fuel, the 
result will be that turbine B. will also speed 
up through the differential gear with assist- 
ance from the torque reaction of the pro- 
peller. Fuel may be reduced to turbine B in 
an effort to keep the speed constant, but as 
this is only consuming no load fuel there is 
little effect available. When all the fuel has 
been removed braking will have to be 
resorted to and unless some form of re- 
generative braking can be utilised a consider- 
able power loss will result. It would be true 
to say that for a constant mean speed of both 
turbines the braking torque of B must be 
equal to the driving torque of A (ignoring 
friction losses in the gearing). Furthermore, 
the maximum power available at the propeller 
shaft cannot exceed the power of one turbine, 
and this could only be achieved with the 
other turbine stationary. P. WILSON 

Leeds, May 9, 1957. 


Book Reviews 


Statistical Methods in Research and Produc- 
tion. Third edition. By O. L. Davies. 
Oliver and Boyd, 39a, Welbeck Street, 
London, W.1. Price 45s. 

When the first edition of this book was pro- 

duced in 1947, it was the only textbook on 

statistics for technologists in industry written 
with full mathematical and statistical know- 
ledge, yet with an understanding and appreci- 
ation of the technical point of view. 
Although this is not quite the case to-day 
there are still very few textbooks on statistics, 
among the large number published, which are 
genuinely useful to the chemist, the physicist, 
the metallurgist, and the engineer; among 
them may be mentioned the smaller but good 

Statistics for Technologists by Paradine and 

Rivett, and Statistical Theory with Engineer- 

ing Applications, by Professor A. Hald, of the 

University of Copenhagen. sa 
The principal virtue of the first edition of 

the textbook under review was that the tech- 

nical point of view was constantly kept in 
mind and each section of statistical theory 
was followed by examples taken from indus- 
trial practice ; this characteristic remains 
true of the new edition and is a valuable one. 

The new edition is, however, different in 

many ways from the first. In the first place, 

it is considerably larger. Sections have been 
added on “‘ Confidence Limits and Tests of 

Significance ” and “ Statisttcal Tests, Choos- 

ing a Number of Observations,” while the 

sections on “ Analysis of Variance” and 

“Relationship Between Two Variables” 

have been considerably enlarged, the latter 

now occupying two chapters under the titles 
of “Linear Relationships Between Two 
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Variables” and “‘ Multiple and Curvilinear 
Regression.” The chapter on sampling has 
been rewritten to give more emphasis to the 
industrial point of view and the relationship 
of sampling to specifications, and now 
includes a reference to sequential sampling. 

There are two important differences 
between the new and earlier editions apart 
from amplification. The original book was 
the combined effort of seven contributors 
under the general editorship of Dr. O. L. 
Davies, and there were distinct signs of 
different lines of thought in the individual 
chapters. To some extent, too, there was a 
variation in style which was not very surpris- 
ing in the circumstances. The new book is 
written by substantially the same body of 
contributors, minus two, plus three, but there 
is a marked difference in unity ; the present 
work is definitely a single book with a con- 
tinuing thread of purpose and it gains con- 
siderably from this characteristic. The 
second feature is a rather subtle change of 
emphasis ; the current work places its main 
emphasis on the use of confidence limits, a 
conception which is not difficult of apprecia- 
tion by technologists who are accustomed to 
tolerances and wha can appreciate a statistical 
conception on somewhat similar lines. This 
thought runs through the book. 

Statistical Methods in Research and Pro- 
duction was originally for the use of those with 
the mathematical background received in 
any technological training and the present 
edition maintains a similar standard, the 
more difficult mathematics being usually 
reserved for appendices which set out mathe- 
matics in detail, except in the chapter on 
“Multiple and Curvilinear Regression,” 
where a knowledge of matrix algebra is 
assumed. The book as indicated by its title, 
has a strong bias in regard to the chemical 
industry and was intended primarily for 
chemists, physicists and chemical engineers. 
This, however, does not prevent it from being 
an admirable textbook for mechanical, civil, 
chemical engineers and metallurgists—in fact, 
all technologists. The first edition was good, 
the third edition is much better. 


Mechanics. By H. WEILER, Lic. Es. Sc., 
Paris, M.Sc., A.S.T.C. Sir Isaac Pitman 
and Sons, Ltd., Kingsway, London, W.C.2. 
Price 25s. 

THE subject matter for the Intermediate 

Examinations in Applied Mathematics of 

London and other universities is presented 

in this book. Sufficient detail is provided for 

it to be read without the assistance of a 

teacher. Examples occur in the text, and 

there are revision questions at the end of 
each chapter, together with a selection of 
problems. 


Books Received 


Metal Machining. By Lawrence E. Doyle. Long- 
mans, Green and Co., Ltd., 6 and 7, Clifford Street, 
London, W.1. Price 75s. 

Waterhammer Analysis. By J. Parmakian. Long- 
mans, Green and Co., Ltd., 6 and 7, Clifford Street, 
London, W.1. Price 45s. 

The British Engineers’ Association, Classified Hand- 
book of Members. 1957 edition. 32, Victoria Street, 
London, S.W.1. Price 21s. 

Landslides in Clays. By Alexandre Collin. Oxford 
University Press, Amen House, Warwick Square, 
London, E.C.4. Price 52s. 

Electrons Go To Work. By J. Gordon Cook. 
George G. Harrap and Co., Ltd., 182, High Holborn, 
London, W.C.1. Price 12s. 6d. 

Industrial Automatic Controls. By M. H. Lajoy. 
Longmans, Green and Co., Ltd., 6 and 7, Clifford 
Street, London, W.1. Price 50s. 

Water Engineers’ Handbook, 1957. The Colliery 
Guardian Company, Ltd., 30 and 31, Furnival Street, 
Holborn, London, E.C.4. Price 20s. 
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Books of Reference 


Finishing Handbook and Directory, 1957. Edited 
by I. S. Hallows. Sawell Publications, Ltd., 4, 
Ludgate Circus, London, E.C.4. Price 37s. 6d.—The 
general layout of the seventh edition of this book of 
reference is similar to the last edition, its sections 


- having been revised and brought up to date to 


include new processes and materials. The first sec- 
tion of the book includes chapters dealing in 
detail with preparation treatments ; types and selec- 
tion of paints; . paint application methods ; 
electroplating plant and processes ; colouring treat- 
ment for metals ; finishes for aluminium alloys ; 
zinc coating methods ; flock coating applications ; 
vitreous enamelling ; marking processes; vacuum 
deposition ; and plastic coatings. The second part 
of the book comprises a directory and buyers guide. 


The Electrical Trades Directory, 1957. “ The 
Electrical Journal Blue Book.’’ Benn Brothers, Ltd., 
154, Fleet Street, London, E.C.4. Price £3 3s.—The 
new edition of this well-known ” Blue Book ” of the 
electrical trades follows the same general lines of 
previous editions with the information revised and 
brought up to date. In the interests of space to keep 
the volume within reasonable limits, there has been a 
reselection of entries, and the “* personal ”’ section has 
been omitted because much of the information which 
was given is available in other parts of the book. The 
other twelve main sections of the book are generally 
as before, and give details of the firms and people 
associated with the electrical industry in this country, 
their products and work. Full up-to-date particulars 
are also included of Government and municipal 
departments, associations, societies and other organ- 
isations concerned with the industry. 


Directory of Shipowners, Shipbuilders and Marine 
Engineers, 1957. Fifty-fifth edition. Tothill Press, 
Ltd., 33, Tothill Street, London, $.W.1. Price 4Us.— 
This edition of the directory shows no fundamental 
changes in the general arrangement of the volume, 
although there are alterations in detail and the 
various sections have been amended and expanded 
as required to include the latest information. 

The largest section of the volume occupies 560 
pages in which are recorded the names of the various 
shipping companies, together with particulars of the 
fleets. Included in the information are the names of 
the principal officials and the names of the ships and 
such details as gross and net tonnages, deadweight, 
hold capacities, speed, draught, passenger accom- 
modation where applicable, the year when built and 
the names of the builders of hull and machinery. 
The shipbuilding section gives details of shipyards 
and marine engine works, including names of per- 
sonnel, number of berths, maximum size of vessel 
which can be built, and the annual output and the 
kinds of machinery built. Following these two 
sections are a list of consulting naval architects, 
marine engineers and ship surveyors, and particulars 
of experimental tanks, classification societies and 
Government departments. There is an index of 
ships, arranged in alphabetical order, linked with the 
names of owners followed by an index in which the 
names of shipowners, shipbuilders, ship repairers and 
marine engine builders are arranged alphabetically 
in order of countries and towns. 


Interavia ABC Directory of World Aviation, 
Interavia (U.K.), Ltd., 14, Clarges Street, London, 
W.1. Price 80s.—The 1957 edition of /nteravia ABC 
is the fifth, and it will henceforth be published annually 
as it was before the war. It is composed in five 
languages, English taking precedence over French, 
German, Italian and Spanish. 

It is divided into four major parts : 

A. Alphabet, an alphabetical list of civil and 
military aviation authorities, airlines, aircraft com- 
panies, equipment manufacturers, aero-clubs and 
every other type of aeronautical activity. This 
alphabetical list is cross-referenced to the second 


part— 

B. Analyt, which provides details of all activities 
listed under “* Alphabet,” such as addresses, telephone 
numbers, cable addresses, executive personnel, pro- 
ducts manufactured and air fleets of airlines, in 
alphabetical order of countries. 

C. Indicator: the third part of the book is a 
five-language glossary of about 1000 aeronautical 
terms in each language. Terms describing aviation 
products are cross-referenced to key numbers in the 
“ Analyt” part of the book, thus enabling the 
“‘ Indicator ” to serve as a Buyer’s Guide. 

D. Who is Where, an alphabetical list of all the 
world’s senior aviation executives and officers, 
Each name is provided with a cross-reference directing 
the user of the book to that organisation in the 
“ Analyt” part of the book of which the personality 
in question forms a part. 

An innovation in this issue is a section devoted to 
Eastern Europe. The book is dated January, but a 
Mc Press ’’ section corrects the Analyt up to mid- 

arch. 
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Six acres of reclaimed land have been gained 
new 


An advanced stage in the construction of the new dry dock at Wallsend-on-Tyne is shown. The cofferdama is still in position at the dock entrance in this illustration, 
and the dock gate is being assembled on the floor of the dock 





5 











May 24, 1957 


THE ENGINEER 


Two Maritime Structures 


Inaugural ceremonies have recently been held on the completion of the extension to 
Cliff Quay at Ipswich, and of the new dry dock at Wallsend-on-Tyne. These two 
new works are illustrated opposite and are briefly described hereunder. 


T= recently completed extension to Cliff 
Quay on the River Orwell, at Ipswich, is 
clearly shown in the upper illustration on the 
opposite page. The extension was opened by 
Mr. Airey Neave, Joint Parliamentary Secretary 
to the Ministry of Transport and Civil Aviation, 
on May 10. This work has been undertaken 
for the Ipswich Dock Commission, and we are 
informed that its use will enable vessels to 
proceed to Ipswich without any delay, awaiting 
berthing space, in the estuary at Harwich. 
Ipswich, it is stated, is now the largest port 
between the Humber and the Thames. 

The new quay is 1450ft long and extends 
between Cliff Quay power station, part of which 
is just visible in the right foreground of the 
illustration, and the old Cliff Quay further back, 
where Fisons’ installations, and oil storage tanks 
can be seen. The old quay is 1500ft long. 

Six acres of reclaimed land have been gained 
behind the new extension. Generally, the recla- 
mation is retained by a steel-sheet-piled wall. 
running behind the quay. The quay itself 
consists of steel cylinder piles carrying a rein- 
forced concrete deck structure. The steel 
cylinders are 22in in diameter and their average 
length is 80ft. The Ipswich Dock Commission’s 
consultants for this work were Sir Alexander 
Gibb and Partners, and the main contractor was 
J. L. Kier and Co., Ltd. The work cost about 


£600,000. 


Dry Dock AT WALLSEND 


Ship repairing organisations on Tyneside have 
been active, since the war, in improving their 
dry dock accommodation, and several large new 
dry docks have been completed and other dry 
docks reconstructed to cater for present-day 
work of this class and, in particular, repair of 
the post-war tanker. The civil engineering 
involved in work of this kind is often noteworthy 
for the ingenuity shown, both in design and 
construction. We have fairly recently described 
two new dry docks on Tyneside, each of novel 
construction. 

The dry dock shown opposite has been built 
for Swan, Hunter and Wigham Richardson, 
Ltd., at Wallsend, and was inaugurated by the 
Duchess of Northumberland on May 14. Itisa 
large dry dock, substantially larger than the 
company’s three older dry docks at Wallsend, 
and is 715ft in length, 105ft in width at the 
entrance, and has a depth of water over the sill 
of 29ft at H.W.O.S.T. These dimensions will 
enable it to accommodate tankers up to about 
45,000 tons and, for instance, aircraft carriers of 
the ‘* Hermes ”’ class. 

The site of the dock was a difficult one from 
the civil engineers’ point of view. Boreholes 
disclosed varied strata, with soft clays, silt and 
sands, varying in their occurrence and extent. 
Furthermore, remains of older works—pile 
stumps, old timber jetties and so forth—were 
present on the site. Thus, the uncertainty of 
conditions led to the choice of the traditional 
form of mass-concrete construction for the dock 
walls and the invert, too, is of massive pro- 
portions, and is able to resist any hydrostatic 
thrust from below, when the dock is empty. 
One modification was, however, introduced : 
reinforcement is built into the back face of the 
wall, to economise in concrete over the heel. 
The resultant cross section is shown in the 
sketch, from which the two bilge altars, a top 
altar and one cantilever altar can be noted. 

Construction of the dock did, in fact, give rise 
to difficulties, as had been foreseen. A deep-well 
pumping system was installed to lower the water 
table. Twelve wells were sunk to a gravel 
stratum at a depth of about 90ft and pumping 
was necessary at rates up to about 1000 g.p.m. ; 
four of the wells were sunk across the dock 
entrance and there were four on each side. 


The dock walls were built inside steel-sheet- 
piled cofferdams, and the dock entrance was 
sealed by a cofferdam within which the sill was 
constructed. A part of this entrance cofferdam, 
showing three of its six cells, is shown in the 
illustration below. This part of the work, too, 
was of a difficult nature. The existing jetty was 
kept in use throughout the work (though partly 
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had been delivered to the site by road. The 
completed gate was later floated and towed into 
position ; it is a cellular, all-welded structure 
weighing 250 tons, and is 111ft long, 35ft in 
height and 7ft 9in in thickness. The gate winch is 
electrically-operated. 

The dock can be emptied. in about two and a 
quarter hours. The pump house is underground 
and is built on to the dock wall ; it contains two 
4ft centrifugal pumps, each of 52,000 g.p.m. 
capacity and driven by motors of 580 b.h.p., 
and three 10in auxiliary pumps. The main 
pumps have a so-called anti-siphonic discharge 
arrangement, the use of which eliminates the 
fitting of 4ft sluice valves, and has some hydraulic 
advantage, too. Each pump discharges over 


a 54in siphon, which has a valve in its crest 
(at cope level) controlled to open if the main 





Three cells of the cofferdam at the dock entrance are shown, with part of the cofferdamming for one of the 


dock walls on the left. The jetty in the 


in use during the construction of the cofferdam 


background remained 
and of the side of the dock within it 


cut away), as can be seen from the illustration. 
The sill has a thickness of about 18ft and the 
lowest Sft of concrete was placed by diver. 
The cofferdam for one of the roundheads and 
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Half cross section of dock wall 


the adjoining dock wall is also shown in the 
illustration ; _steel-sheet-piling up to almost 
80ft in length was used for this work. 

The completed dock is closed by a “* Box” 
gate, i.e..a gate which is hinged about its lower 
edge and opens downwards, being horizontal in 
the fully open position. The meeting faces of the 
dock itself were dressed before the eofferdams 
were removed, and at this stage the gate itself 
was being assembled on the dock floor by welding 
together fourteen fabricated sub-assemblies which 


pump stops, thus preventing any siphoning back 
of water into the dock. About the same interval 
of time is needed to fill the dock as to empty it ; 
it is filled through a 6ft culvert, which is controlled 
by a valve, comprising a vertical cylinder 7ft 6in 
in diameter, which “‘ seats ” on to a tapered pipe; 
the cylinder is counterbalanced and is lifted 2ft 
when in the fully open position. 

Services for ship repairing are comprehensive 
and are housed in a subway. They include 
supply of oil, steam, compressed air, “* factory ” 
(i.e. high pressure) water and “‘ ballast ’’ water, 
oxygen, acetylene and electrical supplies for 
lighting, power and welding. The two dockside 
travelling cranes have a capacity. of 50 tons at 
90ft radius and 10 tons at 115ft radius, respec- 
tively. There are four 15-ton capstans installed, 
two at the dock head and two at the entrance. 
A plater’s shed nearby is equipped on a scale 
adequate for all four of the dry docks ; other 
new buildings house compressors and boilers and 
various other services of a similar nature. 

Work started on the dry dock in May, 1954, 
and it has cost approximately £1,000,000. The 
consulting engineers responsible for its design 
and construction were Messrs. T. F. Burns and 
Partners, and the main contractor was Sir 
Robert McAlpine and Sons (Newcastle upon 
Tyne), Ltd. The dock gate was made by Sir 
William Arrol and Co., Ltd. An account of the 
design problems associated with this dry dock 
was given by Mr. T. F. Burns as part of a sym- 
posium of four papers: ‘“‘ Large Tyne Dry- 
docks,”” presented at a meeting of the North 
East Coast Institution of Engineers and Ship- 
builders on February 24, 1956. 
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Rationalised Engine Range 


A series of cab-over-engine vehicles has been introduced by Ford Motor Company, 

Ltd., and to power them six-cylinder versions of the oil and petrol push-rod engines 

have been evolved. Effort has been directed at reducing noise and yielding 
accessibility as well as increasing performance. 


OUR-CYLINDER wet-liner petrol, oil and 

vaporising oil engines were introduced in 
the new Fordson Major tractor over five years 
ago (see page 698, THE ENGINEER, November 30, 
1951). At that time the “Thames” commercial 
vehicles were equipped with V-8 petrol engines 
giving 85 h.p. at 3500 r.p.m., or by indirect 
injection diesel engines. Subsequently, a version 
of the petrol engine with the same bore as the 
engines of lower mean effective pressures was 
evolved for automotive use, the “‘ Cost Cutter ”’ 
(page 570, April, 1953) and applied to the 
vehicles of under 3 tons unladen weight, and 
later the oil engine also was cleared for road use 
as the “ 4-D ” (page 351, March 5, 1954). Six- 
cylinder versions of these engines had been 
envisaged at the earliest stages of the design, as, 
for instance, in determining the proportions of 
the crankshafts, and certain of the production 
plant installed was built to handle either four or 
six-cylinder components. Principally because 
of the increasing demand for fuel economy, the 
six-cylinder versions have now been introduced 
for vehicle use, and the existing engines modified 


Fig. 1 (Left)}—Section of oil engine head and combustion chamber with former pist 


to improve their efficiency. Since production 
of the 3622 c.c. V-8 has now ended, a new and 
highly automatic line is to machine the new 
engines, and will process fours and sixes 
indifferently. 

The basic engines of the new range are those 
of the “‘ New Major,” the high-powered petrol 
engine of 100mm no longer being needed with 
the advent of the six. The engines are, then, 
100mm bore for oil or vaporising oil and 95mm 
for petrol, with a stroke of 115mm for swept 
volumes of 3611 c.c. and 3260 c.c. respectively. 
Of the oil and petrol versions there are six- 
cylinder models, 5416 c.c. and 4888 c.c. The 
full throttle characteristics are listed in the 
accompanying table ; it will be noticed that for 
the vehicle engines the available torque is 
accurately matched for either fuel, and that the 
performance of the sixes is superior in all respects, 
including a lower maximum torque speed, 
since the auxiliaries are in all cases the same, 
with the exceptions of fuel pump, distributor 
and fan. 

The most significant advances in the new 
engines concern the combustion of the diesel 
engine. As is shown in Fig. 1, the combustion 
chamber has been made deeper and offset to one 








side ; in addition, the inlet ports have been 
modified to improve volumetric efficiency at 
higher speeds. The four holes in the nozzle, 
which remains in the same position, are now 
0-27mm instead of 0-25mm in diameter, and the 
pump plungers have been enlarged from 7mm to 
7-5mm. Thus the rate of combustion is 
increased and the constant volume cycle more 
nearly approached, but because the timing can 
be retarded, commencing 19 deg. b.t.d.c. instead 
of 29 deg. (road) or 26 deg. (tractor), the peak 
pressures are less than 90 per cent of their 
former values. The smoke limit is higher with 
the new chamber, 6to7 per cent more torque being 
taken with less smoke, and specific fuel con- 
sumption is also improved. The range of satis- 
factory idling speeds has become attractively 
wide—430 to 490 r.p.m.—and starting is possible 
from 5 deg. Fah. with the selection of 190 per 
cent full fuel. To maintain the compression 
ratios consistent along each engine the volume 
of the chamber and valve recesses in the piston 
head is controlled within 0-2 c.c. by individual 
inspection, and correspondingly close tolerances 


are held on rod length and piston pin height. 
The pin has been enlarged tin to 1#in diameter 
on the new engines; sets of pistons and connecting 
rods are interchangeable with previous series, 
and service pistons for the early engines will 
have the new combustion chamber. 

Intense detail development has been applied 
to the fuel injection system. The pump, a Simms 
unit in each case, is driven by a short jackshaft 
on the long six-cylinder engine, and consequently 
Oldham couplings, with accommodation for 
linear misalignment, are confined to the ex- 
hauster drive, the shaft having at each end 
laminated steel disc couplings accommodating 
angular misalignment. The optimum length of 
injection pipe with the new plungers and in- 
jectors is shorter, 14in instead of 20in, and is the 
same on both engines. The pipes are not solid 
drawn, but of threefold Bundy high-pressure 
tubing, one advantage of which is the freedom 
from sealing of the inner surface. The pipe 
nipples are spherical on both seats, thus prevent- 
ing any bending moment being locked into the 
pipe, and this has eliminated pipe breakage close 
to the unions. Since fuel plumbing runs within 
the lubricated interior of the engine, its integrity 
is given great attention; the drain gallery is 


on configuration shown chain dotted. 
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made in one piece and leads out of the rocker 
box by means of a drilling through the head. 
There are no longer wet copper liners to carry 
the injectors ; because all the ports are concen- 
trated on one side of the head, there is an ample 
volume of cooling water on the timing side. 
Moreover, since the injector is a slip fit in the 
bore of its location, but clamped on a copper 
ring at its end, the greater portion of the heat 
leaves it through the end seating. Experiment 
showed that there was not a consistent improve- 
ment in running temperature with the thin copper 
walls to the water jacket, but that the cast-in 
walls stiffened the head beneficially. The 
decompressor is ‘now confined to tractors as an 
option 


ENGINE CONSTRUCTION 


Compression ignition and carburetted engines 
have shared in much of the refinement that has 
taken place. The hot-running vaporising oil 
engines first featured what is now the practice on 
all engines, the use of accurately finished manifold 
joint faces with no gaskets. The exhaust mani- 
folds are located by clearance holes and are able 
to slide over the head as a result of differential 
thermal expansion: gaskets commonly struck 
the manifold to the head and led to distortion. 
The inlet manifold joint faces are treated with 
“* Wellseal’”’ which does not harden. On the 
sixes, the outer pair of cylinders have short pipes 
ending in part-spherical surfaces which fit within 
cylindrical bores on the centre manifold. In 
road vehicles, the exhaust pipe again has a 





Fig. 2 (Right)—Nearside of the 
six-cylinder diesel. The venturi for the vacuum governor is cast into the manifolds, and the manifolds are the only parts differentiating between agricultural and 
road four-cylinder ratings. The exhaust system is assembled without gaskets, the starter is positively engaged, and all the power unit mountings are on the engine 


spherical joint on to the manifold to allow for 
distortion of the frame and engine bearers. The 
rubber ring sealing the lower end of the liners is 
now carried in a rectangular section groove 
instead of being constrained at one position : at 
the other end of the liner there is a steel head 
gasket which extends to the bore, but is corru- 
gated to concentrate the compression above 


the flange rather than the bore of the 
liner, and similarly corrugated around the water 
passages. 


On six-cylinder and oil engines the crank- 
shafts are forged because hardened journals 
cannot be obtained reliably on cast shafts: 
the mass and distribution of metal is un- 
favourable to chill casting. The throws are 
forged in their true positions, not twisted, and 
since machining is confined to the journals, the 
forgings are mass centred on a Schenck machine: 
this reduces the metal removal in the final 
balancing considerably. Each journal ends in a 
fillet, the finish on which is controlled to excel 
8u-in as a measure against fatigue: induc- 
tion hardening is electric. A rubber-bonded 
damper is carried on the nose of seven-bearing 
shafts. Chill casting is applied to the camshaft, 
which is common to all applications, and tappets, 
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and the life of these parts is no longer critical : 
the seven-bearing shaft is carried in inserted 
Rabbited bearings, whereas the short shafts run 
on machined cast housings, The tappet ends are 
spherical and the cam faces raked to match 
tnem :- in this way consistent tappet rotation is 
provided. Rotators are also used on exhaust, 
but not inlet, valves. Inserted valve guides are 
used : they are finish bored in the same operation 
as the valve seats are finished—since concentricity 
is held within 0-00lin, no lapping of individual 
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VEHICLE APPLICATION 

The new series of vehicles, ranging from 
14 to 7 tons and including an articulated tractor, 
are known as the Thames “ Trader ” class. They 
are basically full forward control, but because 
the gear lever is mounted directly on the trans- 
mission, a vestigial bonnet houses the front of 
the in-line engine and the radiator. Advantage 
has been taken of this to obviate the task of 


removing an engine cowling in the cab frequently; ., 


the coolant filler, lubricant filler and oil dipstick 


Engine Characteristics . 
Automotive ratings are given for the oil and petrol engines. 





Fuel Rigee ke hae! 28d von Megas, vel Masala Regular petrol 





Oil to B.S. 209, Class“ A” Vaporising oil 
Bore X stroke Sees Atkin Sa0, wavy ona) Peas 95x 115 100x 115 100x 115 
CN ise see cok ek ote eee 6-4 1 5-0 


Maximum b.m.e.p. (gross)... ... 0... 0... we 
Maximum torque (oer) 
ditto 
Maximum power (four) dae) - cane” Wal 
ditto (six) .. ae 


125 lb per square inch 
he 1S8ft-lb at 1600 r.p.m. 
six) see eee nee eee eee] §=242ft-lb at 1500 r.p.m, 

: 70 h.p. at 3000 r.p.m. 
114 h.p. at 3000 r.p.m. 


115 Ib per square inch 
158ft-Ib at 1600 r.p.m. 
242ft-Ib at 1500 r.p.m. 

65 h.p. at 2500 r.p.m. 
100 h.p. at 2500 r.p.m. 


105 Ib per square inch 
150 Ib-ft at 950 r.p.m. 


39-5 h.p. at 1600 r.p.m. 


Minimum consumption at fulltorque... ... ... 0-52 Ib per b.h.p. hour | 0-39 Ib per b.h.p. hour | 0-55 Ib per b.h.p. hour 
Welehet Gore cite) Saer agarenehke ak ies 620 Ib 690 Ib 675 Ib 
itio six fone athe Sar. oak 800 Ib 880 Ib - 
pe err ae oeee ae Tractor Tractor -Tractor 
Industrial 14 to 3-ton trucks 
14 to 3-ton trucks Domestic 4-ton and 
Domestic 4-ton and optional 5-ton 
optional 5-ton 
ditto (six) ... All tippers All tippers — 
5 and 7-ton trucks 5 and 7-ton trucks 
4-ton export and optional | 4-ton export and optional 
domestic domestic 





valves -is needed. 45 deg. valve and 444 deg. 
seat angles are used, and the valve settles down 
with a seat width of about 0-0S5in. The rocker 
gear cover is secured by screws through the joint 
gasket instead of to the rocker pillars, thus 
reducing its acoustic output. 

Several revisions have also taken place in the 
auxiliary systems. Wear on the timing train was 
found to proceed at a rate depending upon the 
backlash existing, and the design backlash has 
been reduced by raising the tooth thickness 
0-00lin: closer control of run-out on the 
compound wheel of the oil engine train was also 
established. The front of the camshaft carries a 
long, deep, conical oil flinger, into the middle of 
which crankcase ventilating air is delivered ; the 
pipe cast into the light alloy timing cover for 
this purpose can be distinguished in Fig. 2. The 
self-priming oil pump now has gears of sintered 
iron, and the throughput has been raised by 
enlarging the suction main: variation of pressure 
with speed has been reduced by a shuttle-type 
relief valve. 

It has been found that with full-flow 
filtration the strainer in the sump remains clear, 
and the plate giving access to it through the 
sump has, therefore, been abandoned, with 
reduced risk of oil leakage. The sumps are cast 
in light alloy and, on the sixes, where they are 
below the c.g. of the unit, have two heavy fins 
on which the engine will stand, as in Fig. 3. 
The crankcase ventilation air, which includes the 
throughput of the exhauster on vehicle diesels, 
is conveyed to the induction system downstream 
of the air cleaner by a passage in the air Cleaner 
support bracket. Operation is normally confined 
to heavy duty oil to Specification 2104A, of 
viscosity S.A.E. 20, all the year round, but 
tractor engines may use “ Tractor Universal ” 
oil with multi-grade qualities. 

Other interesting developments have taken 
place on the auxiliaries. The cooling system was 
found to require a thermostat which would 
reliably reduce coolant flow to the radiator to a 
very low volume, and the hole provided for air 
to escape through the thermostat during filling 
defeated this object. The hole is now occupied 
by a loosely-fitting pin, head down, which opens 
under gravity but closes as soon as a pressure 
drop is applied across it. Inspection includes a 
functional test of each thermostat. The life of 
the fan belt proved to be susceptible to the 
inaccuracies in welded pulleys, and a process of 
spinning one-piece pulleys with great precision 
has been developed : these pulleys are not fitted 
to the erigines illustrated. ; ee 

Modifications peculiar to the spark ignition 
engines are few. The revised porting has effected 
an improvement in the breathing of these engines 
also, and the petrol engine has had the com- 
pression ratio raised to 6-4. ‘The exhaust valves 
in petrol engines have austenitic heads. 








are carried at the top front of the engine and 
readily accessible once the bonnet top has been 
hinged back and propped open. The fuel and 
air pumps and starter are located at the far end 
of the engine, and reached by removing a short 
cowling consisting of two steel shells separated 
by a thick layer of glass fibre : this is held by two 
sprung clips which are entirely encased in rubber. 
Thus all ancillaries, with the possible exception 
of the generator, are accessible. Clearance 
under the front bulkhead is adequate for the 
head to be removed, the more so as no studs are 
incorporated on the engine: the cylinder head 
bolts are removable with the rocker gear 
in place. The engine installation is such that 
the power unit can be removed, complete 
with auxiliaries, and it has been demonstrated 
publicly that a power unit can be removed 
and replaced without interrupting the running 
of the engine for more than ten minutes. 
This was done by three mechanics on the six- 
cylinder oil engine. The power unit is carried 


on four mountings opposite the timing case 
and the clutch housing, thus giving the ease 
of access to the transmission existing when the 
gearbox was separately mounted. The cast light 
alloy gearbox contains four speeds and is con- 
ventional except that synchromesh is used on 
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second, third and fourth ; reverse is now located 
next to third and therefore safeguarded by a 
spring. Transmission is by open propeller shafts 
to a hypoid bevel in the banjo of the fully floating 
axle ; the entire final drive is interchangeable in 
the axle with an Eaton 1350 series two-speed 
reduction, electric actuation being preferred for 
speed of response. To exploit the easy access to 
the differential unit, torque tube drive has been 
abandoned ; another reason for the change to 
Hotchkiss drive is that torque tube drive favours 
a stiff chassis, and this vehicle is designed on .an 
essentially flexible frame. © 

The chassis at present available is built with 
straight longitudinal, members with the upper 
edges closely the height as the tyres ; move- 
ment of the wheels against the springs is accom- 
modated between the body cross bearers. Sifle 
and cross members are of open channel section, 
riveted together through the web and, except in 
one case, the compression flange. The channel 
depth is 7in on vehicles up to 3 tons and 9in for 
the remainder, the gauge of the material ‘being 
varied according to the design loads. The metal 
and wood float bodies have a supporting 
structure of channel-section cross members, 
adjacent pairs facing inwards and being joined 
by full-depth channel intercostals which stabilise 
the cross member where it crosses the chassis 
longitudinals ; a wooden strip along the latter 
distributes some of the load into the false spars. 
An interesting detail is that the mudguard stays 
are of strip, stabilised in compression by being 
twisted. 

The cab is a welded steel construction ; as on 
Ford cars, the finish is high-gloss baked enamel 
and corrosion protection is by “ Bonderising.” 
The policy of noise suppression has led to the 
interior being heavily trimmed ; the doors are 
hinged and the roof solid. The curved wind- 
screen is fixed and there are no quarter lights. 
The driver sits high in the cab in the forward 
control manner, but the pedals are well away 
from him and move forward. Both brake and 
clutch actuation is hydraulic; the former is 
vacuum servo-assisted except on 14 and 2-ton 
models, the latter is not and feels heavy at first 
— Seats for two passengers can be 

ted. 

The engine controls are concentrated on the 
floor behind the cowling, the starter being posi- 
tively engaged on compression-ignition engines 
only. The horn and lights control has been 
greatly reduced in size and transferred from the 
hub, to below the rim, of the steering wheel. 
The instruments are again set centrally above the 
engine cowling, but are now cowled to prevent 
reflection from the curved screen. 

The vehicles may be provided, as extras, with 
the two-speed axle above mentioned, or the 
16,500 series on tippers and 7-ton vehicles, and 
with a higher steering ratio and power assistance 
on the 7-ton trucks. An unusual feature of the 
models above 3 tons is the provision of a winch 
to raise the spare wheel carrier into place on a 
steel cable ; this is driven by a screw jack and is 
therefore irreversible. 

For work involving frequent entering and 
leaving the cab, or in other circumstances where 
semi-forward control is preferred, the four- 
cylinder models of the current range continue, 
including the 2-ton van with sliding cab doors. 





NUMBERING OF DikSEL LOCOMOTIVES ON B.R.— 
A new system of numbering for all new main line 
diesel locomotives and for new and existing standard 
diesel shunting locomotives is being adopted by 
British Railways. It is pointed out that the present 
system of numbering, which uses numbers from 1 to 
99999 and covers steam, diesel and electric locomo- 
tives, leaves insufficient scope for allocating consecu- 
tive block numbers to all the main line diesel loco- 
motives planned under the railway modernisation and 
re-equipment progfamme. Under the new scheme of 
numbering the letter ““D” will be used as a prefix, 
starting with “D.1.” Under this system block 
numbers are being allocated to the various diesel 
locomotive power groupings so that a locomotive’s 
number, in addition to identifying it, will also indicate 
its power range. For example, 1000-1250 h.p. 
locomotives are to be numbered in the D.5000-6000 
series, and the 800-1000 h.p. locomotives. in the 
D.8000 series, ; ; 





Iron and Steel Works at Workington 
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A series of plant reconstruction and modernisation schemes carried out at the 
works of the Workington Iron and Steel Company have led to a great increase in 


the output of permanent way equipment. 


It is stated that now, in addition to 


supplying nearly one-third of the rails and fishplates used on the railways of this 

country, the firm exports a considerable tonnage to all parts of the world. In this 

article we give some notes on the equipment and work carried out in this large 
integrated plant. ; 


| P poc sag the past few years plant improve- 
ments, modernisation and reconstruction 
schemes to the value of over £6,000,000 havejbeen 
carried out at the Workington Iron and Steel 
Company’s works in Cumberland. As a result 
of these schemes this branch of the United Steel 
Companies, Ltd., is now producing, in addition 
to a large output of iron, some 280,000 tons of 
steel ingots a year, of which 85 per cent is used 
for the manufacture of railway permanent way 
equipment. The railway equipment produced 
includes about 145,000 tons of rails and 2500 tons 
of steel sleepers a year, as weil as a considerable 
weight of soleplates and fishplates, of which 
total no less than 35 per cent is exported by the 
company. 

The Workington Iron and Steel Company is 
an integrated organisation, in that it utilises its 
own resources as far as possible from the supply 
of the raw materials to the manufacture of the 
finished products, and integration of the various 
processes carried out at the works is a material 
factor in the economy of production. The com- 
pany mines iron ore and limestone, makes its 
own coke which is used in the blast-furnaces to 
make iron, most of which is converted into steel 
in the Bessemer plant and then rolled in the 
company’s mills. 

The works coking plant includes sixty-four 
Woodall-Duckham Becker compound regenera- 
tive ovens, in two batteries, with a total through- 
put of 10,000 tons of coal per week. Of this 
battery the first fifty-three ovens were placed in 
service in 1936 and the second battery of eleven 
ovens in 1948. It is planned to replace the first 
oven battery next year by a similar battery which 
is now under construction. The ovens are 41ft 
long by 13ft high with an average width of 16in, 
tapering 2in from the coke side to the machine 
side. They are served by a central coal bunker, 
and each holds approximately 14:5 tons of 
crushed coal. 

Coke oven gas production amounts to some 


15,000,000 cubic feet per day and of this approxi- 
mately 12,000,000 cubic feet are consumed within 
the works for oven heating, steam raising and 
metallurgical uses, the balance being sup- 
plied to the local gas grid and nearby industrial 
units. A by-product plant of conventional 
design adjoins this coke oven installation. 

A certain amount of Cumberland iron ore is 
supplied to the works by the Beckermet Mining 
Company, Ltd., a subsidiary of the United 
Steel Companies, Ltd. For some years, how- 
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ever, this supply has not been sufficient to 
satisfy requirements and imported ores broug!:t 
direct into the Workington Dock are delivere:| 
by rail to the ore stocking ground at the work 
Manganese and manganiferous ores for the pri 
duction of ferro-manganese and spiegel are als.) 
delivered by sea, whilst limestone is obtaine | 
from the company’s own quarry at Rowra 
In the preparation plant the ores are reduced 
a maximum size of 3in and screened to separa 
the material below #in or 4in as required, whic 
is passed to the sintering plant. This sinterin 
plant consists of a three-pan Greenawalt install: 
tion with a capacity of 900 tons of sinter per da: 
The screening plant also provides for the separ: 
tion of a proportion of the ore between I}in an 
4in for use as ‘* bedding ’’ in the sintering proces: 
Oversize ore leaving the final screening stage ma 
be directed either to the ore stockyard or direc 
to the blast-furnaces. 

The Workington blast-furnace plant consist 
of three furnaces with hearth diameters of 20fi 
16ft 6in and 15ft 9in respectively. The two 
larger furnaces produce approximately 100 
tons of hematite per day, while the third furnace 
is normally engaged on the production of ferro 
manganese or spiegel alloys of manganese and 
iron used in steelmaking. When one of the large: 
units requires relining this third furnace is 
burdened for the production of hematite iron. 
The furnaces are tapped at approximaiely five- 
hourly intervals and about 100 tons of iron are 
produced per cast. This iron is conveyed in 
50-ton ladles to a mixer in the Bessemer shop, 
whilst the ferro-manganese is taken direct to a 
pig caster for casting into slabs. The caster 
is a twin-strand machine with a capacity of 100 
tons per hour, and it is brought into full use at 
weekends or at other times when the steel works 
do not require the molten iron. 

Blast-furnace gas production totals 140,000,000 
cubic feet pér day, and, after washing, part of the 
gas is used in the hot blast stoves for heating the 
air blast, while the remainder goes to the boiler 
plant for steam raising and to the steel works 
furnaces. 

The central boiler plant consists of four 
modern Stirling water-tube boilers, each with a 
maximum continuous rating of 100,000 Ib per 
hour of steam at 400 Ib per square inch and 700 
deg. Fah. When necessary, coke oven gas and 
liquid fuel can be used in these boilers to supple- 
ment or replace the blast-furnace gas. The 
power installation includes four blowers for the 
blast-furnaces, one of which, a B.T.H. machine 
capable of blowing 62,000 cubic feet per minute 
at 18 lb per square inch pressure, was installed 
last year. Two other blowers are rated at 
45,000 cubic feet per minute at 15 lb per square 
inch and there is a standby unit of 35,000 cubic 
feet per minute capacity at 13 lb per square inch 
pressure. The works generating plant of 
20MW total capacity operates in parallel with 


Special-purpose machine for drilling and milling rail ends 
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the grid system and the annual power generated 
i, 80,000,000 units of which 13,000,000 are 
exported to the grid. Imported power from the 
rid totals 26,000,000 units per annum. 

The steelmaking plant at Workington com- 
prises two 25-ton acid Bessemer converters and 
ne 20-ton electric arc furnace. Acid Bessemer 
‘teel represents the greater part of the pro- 
duction, some 5000 to 6000 tons of steel being 
nade each week in the two converters. The arc 
furnace is used to supplement the Bessemer plant 
and also to make certain special qualities of high- 
grade steel. Hot metal from the blast-furnaces 
is held in a 400-ton mixer in the converter shop. 
This mixer, in addition to providing a storage 
reservoir, serves to even out slight variations in 
iron composition from successive tappings of 
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slabs from 40 Ib to 145 lb per yard, together with 
certain rail and sheet bar sections in high- 
manganese steel. 

The fishplate mill is a three-stand, three-high, 
18in mill, consisting of first roughing, second 
roughing and finishing stands, and it is driven by 
a 1200 h.p. steam engine. This mill was exten- 
sively modernised last year and its equipment 
includes a reheating furnace capable of 50 tons 
per hour throughput for the heating of the 
24in to Sin billets and blooms required for the 
production of a wide range of fishplate bar 
sections, bearing plate sections, spring bars, 
rounds and other sections. 

All the rolls used in the rail and fishplate mills 
are maintained in a roll turning shop, which was 
put in service in 1955. This new shop, in 





Line for reheating, punching and straightening fishplates 


the blast-furnaces and ensures that uniform 
metal is fed into the converters. The 20-ton 
electric arc furnace has a basic lining, and there 
are sufficient supplies of scrap available from 
within the plant to cover its entire requirements. 
The bulk of the tonnage from this furnace goes 
to the rolling mills to supplement the Bessemer 
steel output, especially for high-quality rails. 

In the rail mill, ingots received from the 
Bessemer and electric steel plants are charged 
into four soaking pits, each capable of holding 
twenty ingots. As required, ingots are withdrawn 
from the pits by overhead crane and placed on a 
chariot which transfers them to the cogging mill 
approach rack. This 36in cogging mill was 
installed in 1949 and is driven by a 3250 h.p. d.c. 
variable-speed reversing motor. It reduces the 
ingot to the bloom size suitable for the section 
being rolled and after rolling the blooms 
are cropped at each end by an electrically 
operated shear. The blooms are then delivered 
to the 32in two-high reversing roughing mill 
stand, shown in the illustration at the top of 
page 804. This mill, which is driven by a 2750 
h.p. d.c. variable-speed reversing motor, was 
installed in 1956. In it the blooms are converted 
to the intermediate shape required for the 
finished section in approximately six passes 
before being pushed across the mill floor to the 
finishing stand. This 28in finishing stand can 
be operated either as two-high reversing or three- 
high non-reversing mill dependent on the section 
being rolled. To position the bar to enter the 
upper rolling plane when rolling three-high, a 
hydraulically operated lift has been installed at 
the delivery side of the stand. The drive, a 
2500 h.p. d.c. variable-speed reversing motor of 
this stand, like that of the roughing mill motor, 
was installed in 1956. 

After rolling, the bars pass straight on down 
the shop to machines where they are hot sawn or 
sheared to length. Rails are ‘hot straightened on 
cooling banks and then taken to a pre- 
straightener bay ; other sections are delivered to 
their respective finishing banks. The products 
from this mill include rails from 45 1b to 110 Ib 
per yard, fish and bearing plate bars, sleeper 
plates from 114in to 14in in width, and billets and 


addition to housing a number of roll turning 
lathes, provides ample space for the stocking of 
rolls. 

Rails drawn from the cooling banks into the 
finishing plant first pass through a 50in roller 
straightening machine, from which they move 
straight on to storage and inspection banks. The 
rail ends are machined and the fishplate holes 
drilled at one setting on special machines 
situated one at each side of the storage bank. 
One of these machines can be seen in operation 
in an illustration on page 804. The rail is 
clamped on the table by an overhead hydraulic 
ram and the two bolt holes are drilled through 
its web by single-spindle heads on each side of 
the rail. While the drilling operation is in pro- 
gress a face milling cutter is fed in to machine the 
end of the rail flat and square. 

In the steel sleeper plant sleeper bars are rolled 
either flat or trough-shaped according to the kind 
of sleeper required before being cut into plates of 
the desired length. The plates are heated in a 
continuous furnace to a temperature of 850 deg. 
to 900 deg. Cent., and on leaving this furnace 
holes for the rail fastening are punched into the 
plates in a hydraulic press. This operation is 
immediately followed by pressing the plate ends 
to shape in a second hydraulic press. After the 
plates have cooled any surface scale is removed 
with wire brushes to ensure effective adhesion 
of the protective coatirig which is subsequently 
applied to the sleepers in a dipping shed. 

Fishplates and bearing, or sole, plates are 
made in a_ specially equipped shop, the 
fishplate line of which is illustrated above. 
At the head of the line fishplate bars are 
sheared to the individual plate lengths, which 
are fed directly into a continuous furnace. 
leaving this furnace the plates slide down an 
inclined roller conveyor to a line of presses on 
which they are first punched or notched and then 
straightened. Where it is stipulated that the 
bolt holes should be drilled instead of punched 
the plates, after reheating and straightening, are 
drilled, when cold, in a multi-spindle drilling 
machine. The production flow for bearing plates 
is generally similar to that for fishplates. These 
plates are usually processed cold without reheat- 
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ing ; they are sheared and punched from the bar 
in a 500-ton press, and this operation is followed 
by cold straightening, if required, in a 150-ton 
hydraulic press. 

An important part of the modernisation 
scheme at the works has been the introduction of 
a well-equipped apprentice training centre which 
is known as the Bessemer Memorial School. This 
centre was opened last year and commemorates 
both the centenary of Sir Henry Bessemer’s 
invention of the steel converter and that of 
the present company’s predecessor, the Working- 
ton Hematite Iron Company, Ltd. Although 
primarily designed for apprentice training, the 
school has lecture rooms and other facilities 
suitable for the instruction of operatives, fore- 
men and management personnel. The school 
comprises a two-storey building, the ground floor 
of which contains a gymnasium, a common room 
and a general workshop. On the first floor 
there are two lecture rooms, which are equipped 
with built-in demonstration benches, projectors, 
screens and blackboards, a conference room and 
a library. The general workshop equipment 
includes lathes, drilling, milling and shaping 
machines, a tool grinder, smith’s hearth and 
anvil, bending and screwing machine, fitters’ and 
joiners’ benches, arc welding bays, gas welding 
bays and an electrical section. 

All apprentices receive basic training as fitters 
and machinists for six months in the school, 
irrespective of the craft they intend to adopt. 
Engineering and electrical apprentices spend two 
further years in the school before going out into 
the shops, while those for other crafts move out 
at the end of their six months’ basic training, 
which is designed to give them a general apprecia- 
tion of engineering work. 





Self-Erecting Climbing Crane 


A DEMONSTRATION was given last week of two 
self-erecting climbing tower cranes which are at 
present being used by Leslie and Co., Ltd., in the 
construction of two eleven-storey blocks of flats 
in Kensington, London. These cranes, of French 
manufacture were supplied by Pingon Tower 
Cranes, Ltd., 68, Victoria Street, London, S.W.1, 
and are similar in design to Pingon cranes, 
which have been in use for several years on the 
Continent. 

Self-erecting tower cranes of this construction 
can also be used as rail-mounted machines, or 
fixed to the side of a building where their masts 
can be extended, by adding sections, to give a 
height of 250ft under the hook. The climbing 
crane demonstrated is designed to lift 2 tons at 
27ft radius and 12cwt at 66ft radius. The 
standard 10ft 6in high mast sections of box 
lattice girder construction are 3ft 10in square 
and coupled together by fishplates. In the 
erection of the mast a small jib crane is mounted 
on a carriage which runs in guides up one side 
of the mast section. As each section is bolted in 
place the jib carriage is hoisted to the top of the 
section and the crane used to position the subse- 
quent section. When the required mast height 
is attained the jib crane sets a slewing head gear 
at the top, and finally lifts the jib and counter jib 
assembly into position on it. The hoisting winch 
is situated in the lowest mast section, and a control 
cab at any required height inside the mast 
structure. If required, all crane motions can be 
controlled from a push button box which is 
coupled by a long wandering lead to the main 
control box of the crane. 

In the crane demonstrated the mast is situated 
in the lift shaft of the building and is raised 
as each three or four successive storeys are 
completed. For climbing, a steel section 
frame is fitted round and locked to the two last 
completed floors of the building. The com- 
plete crane assembly with the jib, counter jib, 
and winch, is coupled to a hand winch and 
raised to the next required position. Rollers 
on the floor frames guide and support the mast, 
and latches at each corner of the frames register 
beneath the fishplates on the mast uprights to 
take its weight at the end of a 10ft 6in lift. At 
the conclusion of the lifting movement these 
latches are wedged and locked beneath the 
required sets of fishplates to support the crane. 
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Manufacture of Mineral Insulated 
Cables 


A self-contained plant for the manufacture of mineral insulated cables has been 
established at the Prescot works of British Insulated Callender’s Cables, Ltd. The 
process, which is briefly described here, is based on an idea patented in 1895 by 


Arnold Borell, a Swiss engineer. 


The method consists in packing an insulating 


mineral powder such as magnesia to hold rod conductors inside a copper tube in 
such a way that the whole assembly can be elongated by repeated drawing to 


produce a copper sheathed cable. 


reduced but is exactly similar to that of the original assembly. 


The cable cross section is correspondingly 


The cable is strongly 


resistant to mechanical damage, corrosion and temperatures up to 250 deg. Cent. 


ECENTLY we visited the Prescot works of 

British Insulated Callender’s Cables, Ltd., 
where the company has a self-contained factory 
for the manufacture of mineral insulated cables. 
These cables are a modern embodiment of a 
fifty-year-old idea for insulating flexible cable 
with inorganic substances (such as mica, glass 
and porcelain) because of their good electrical 
and mechanical properties and their resistance to 
fire. However, until a few years before the last 
war, the brittleness of these materials and the 
difficulty of applying them in the form of con- 
tinuous flexible insulation militated against their 
use in cables. 

In 1895 a Swiss engineer named Arnold Borell 
took out a patent for a method of making mineral 
insulated cables by using a compressed mineral 
to hold conductors in position inside a tube, so 
that the whole assembly could be elongated by 
drawing. After drawing the cross section of the 
cable would be geometrically similar to that of 
the original assembly in its tube. Unfortunately, 
Borell’s patent was never developed or exploited 
commercially, probably because of the practical 
difficulty of filling the tube with mineral insula- 
tion and at the same time maintaining conductor 
spacing. The first commercially practical method 
of packing the mineral insulant around the wires 
in the outer tube was devised in France in 1934, 
and was later introduced into Great Britain. 
Since then mineral insulated cables have been 
commercially manufactured in various countries. 
An improved method of automatically filling the 
tube and conductor assembly with insulant in 
powder form has been developed by British 
Insulated Callender’s Cables, Ltd., and it forms 
the basis of the manufacturing process outlined 
below. 

Mineral insulated cable consists of solid high- 
conductivity conductors embedded in com- 
pressed mineral powder (usually magnesium 
oxide) contained in a seamless copper tube. This 
cable is made from a “start”? which is much 
thicker and shorter than the finished cable and 
consists of copper rods held in position by 
tightly packed magnesium oxide in a copper tube. 
The final cable is made by drawing this “ start ” 





mS ng Os ee ee me of the copper tubes and rods. The 
ramming tool can in 


through a series of dies which reduce its diameter 
while increasing its length. For example, a start 
2in in diameter and 20 yards long may be died 
down to produce a finished cable of 0-2in dia- 
meter and 1000 yards long. An inherent charac- 
teristic of this method of manufacture is that the 





Fig. 3—One end of a “‘ start ’* tube is shown being 
inserted into a swaging machine, to reduce the diameter 
of the tube end 


diameters of the conductors are reduced in the 
same proportion as that of the outside tube. 
This characteristic is responsible for one of the 
main virtues of the mineral insulated cable, 
which is that it can be subjected to severe 
mechanical misuse ; for example, by repeated 
hammering and bending, without sustaining 
damage. Any mechanical blow is transmitted 
equally throughout the cable cross section ; for 
example, if the outer sheath is flattened by 


Fig. 2—-The end of the “ start ”’ 
drawing dog and pulled along the drawbench 
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hammering the conductors are similarly flattened 
and retain their relative spacing and the insula 
tion is unimpaired. Other advantages of th 
mineral insulated cable are that it is not subjec: 
to ageing or corrosion ;_ that, when used witl: 
appropriate terminations, it is flameproof, an 
that it is suitable for continuous operation a! 
temperatures up to 250 deg. Cent. To exploi: 
the advantages of this form of cable, effective 
sealing and terminating techniques are essentia 
and the appropriate fittings and the few specia' 
tools required are available from the manufac- 
turer. 


M.I. CABLE MANUFACTURE 


Quality control of the materials is an importan: 
prerequisite of the manufacturing process. All! 
rods and tubes are closely inspected. Because o: 
its affinity for moisture the magnesium oxide 
must be dried before use. Drying is done in a 
kiln at 850 deg. Cent. for three hours, after which 
the powder is stored in heated moisture-free 
hoppers until it is required (Fig. 4). 

The rods, stored in racks, are straightened 
before use and are placed in position in the tubes 
by hand on a preliminary assembly bench. 

M.I. cables are usually made with a maximum 
of seven conductors. The main problem in 
filling the “‘ start ’’ tubes is to pack the powder 
around these rods at a sufficient density to main- 
tain them in strict registration during drawing. 
The B.L-C.C. method uses a device known as a 
filling ram to fill the tube automatically. This 
filling ram consists essentially of two parts: a 
ramming tool and a plug. The ramming tool is a 
steel tube with a diameter smaller than the bore 
of the copper tube, terminated by a head com- 
posed of three ribs and a guide, the latter drilled 
in registration to take the start rods, which can 
pass through them into the interior of the ram- 
ming tool (Fig. 1). The plug is 6in long and is 
drilled at one end to correspond with the ram 
guide. It can be inserted into one end of the 
start tube and there locked into position. 

To begin filling the “ start’ tube, the whole 
assembly, with ram and rods inserted, is raised 
to a vertical position. Dried powder is poured 
into the gap between the ram and the start tube 
and trickles down to the ram head. The head 
is then lifted (so that powder falls in front of it) 
and is thrust down, compressing the powder 
around the conductors. By repeating this ram 
movement, the tube is gradually filled with 
powder. 

The start tube is not completely filled : 6in 
is left empty at one end when the plug is removed. 
This empty end is hammered down to a reduced 
diameter by a swaging or pointing machine 
(Fig. 3). 

The filled and pointed tube is carried by con- 
veyors to a drawbench, where the point is 
threaded through the first die and gripped by a 
drawing dog, which in turn hooks on to a moving 
chain. This chain pulls the cable and so draws 
it through the die. 





tube, swaged to a ‘‘ point,’’ is gripped by a 
through a die 
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Fig. 4—Plant used to fill M.L cable “ starts.’’ Above the filling rams are the powder hoppers and above 
them, the powder drying furnaces 


Drawing makes the copper become work- 
hardened ; to soften it the cable is heated to 
500 deg. Cent. by passing through a roller hearth 
furnace filled with an inert gas to keep the copper 
bright. 

After annealing the cable is again drawn until 
it has grown to the length of the drawbench. It is 
then passed to another machine to be drawn in 
coil form. 

Coils are drawn by using a large drum or 
block in place of a straight chain. This machine 
is known as a bull block and may be used to 
draw the cable to very considerable lengths. The 
largest machine of this kind in the B.I.C.C. 
factory has a diameter of 114in. 

As before, the copper hardens after drawing 
and the coils must be annealed in order to permit 
further processing. Annealing is done in a bell 
furnace, where the coils are loaded on a carrier 
and covered with a bell, which in turn is covered 
and heated by a large electric “* lift-off furnace.” 
During processing an average mineral insulated 
cable will have been drawn twenty times and 
annealed at least ten times. 

Before passing to store every coil of cable is 
tested, beginning with immersion in water for 
twelve hours. Even a small pinhole in the sheath 
will admit moisture to the powder ; moisture is 
easily detected and located by one of the subse- 
quent tests, whereupon the faulty cable can be 
cut out. After tanking, the ends of the core, 
which have been mutilated during processing, are 
trimmed off and the dimensions and length are 
carefully measured. The trimmed cable is pro- 
vided with a temporary seal of bitumen, which 
excludes moisture during the subsequent tests. 

The conductor resistance is measured by means 
of an instrument based on the Kelvin bridge. 
Then the insulation resistance is tested with a 
20,000,000 megohm meter to detect any traces of 
moisture in the powder. Finally, the cable is 
given an over-voltage test at 3kV for one minute. 

The company produces M.I. cables with one, 
two, three, four or seven conductors in a wide 
range of sizes. The smallest has 0-0015 square 
inch conductors capable of carrying up to 16A 
and the largest has 0-20 square inch conductors 
for up to 400A. These sizes correspond to V.R.I. 
cables with 1/0-044 and 37/0-083 conductors 
respectively. 


CABLE TERMINATION 


Magnesia has a great affinity for water and 
hence an open cable end will absorb moisture 
from the atmosphere. The moisture will, how- 
ever, rarely penetrate the cable for more than 
6in, even after prolonged exposure. The effect 
of this moisture is to lower the value of the 


insulation resistance. It may be removed either 
by heating the cable to red heat or by cutting off 
the affected end. In practice moisture can be 
excluded by terminating the cable end with a 
moisture-proof seal. A seal is made by first 
baring and cleaning the conductors. A metal 
sealing pot, which cuts its own thread in the 
sheath, is then screwed on the cable end. A disc, 
pierced with as many holes as there are con- 
ductors and with a p.v.c. sleeve fitted through 
each hole, is passed over the conductors and 
brought close to the metal pot, which is then 
filled with a moisture-resisting compound. 
Finally, the disc is crimped securely into the pot, 
using a special tool. This operation presses the 
compound into intimate contact with the 
magnesia surface. It is on this bond that the 
seal’s resistance to moisture depends. The seal 
not only protects the cable against moisture but 
also prevents loosening of the powder at the 
ends, avoids a flashover path at the magnesia 
face, and provides each conductor with indi- 
vidual and flexible insulation. 

To anchor the cable to an accessory the sealing 
pot is shrouded with a gland which screws into 
the entry and is secured to the cable by means of 
a compression ring. This gland, besides being a 
deterrent to the entry of moisture into the 
accessory, ensures electrical continuity between 
it and the cable sheath. This characteristic is of 
particular value in concentric earthed wiring 
systems to which M.I. cable, because of its 
extremely low earth continuity resistance, is 
particularly suited. 

To meet the growing demand for prefabricated 
cable cut to length, sealed and terminated ready 
for immediate installation, preformed wiring 
units to customer’s requirements can be assembled 
in the factory. B.I.C.C. also makes a range of 
accessories for use with the cables. 

For use in situations where the atmosphere is 
unduly corrosive, an M.I. cable having a p.v.c. 
(polyvinyl chloride) covering over the copper 
sheath is available. This outer sheath is extruded 
over the copper and protects it from attack by 
deleterious chemicals. 





IMPROVEMENTS FOR RIVER SEVERN AND GLOUCESTER 
AND SHARPNESS CANAL.—British Transport Water- 
ways has announced that the British Transport 
Commission has approved a £959,000 programme of 
improvements for the River Severn and the Gloucester 
and Sharpness Canal. The work now to be under- 
taken includes bank protection, special dredging, 
construction and extension of locks, mechanisation 
of lock gates, sluices and bridges, reconstruction of 
swing bridges, the acquisition of dredging plant and 
the provision of workshops and other premises. 
A new lock, 250ft by 25ft, is to be built at Gloucester. 


807 


Emergency Energy Sources 


To provide a standby actuation for once-only 
motions, such as extending the undercarriage of 
an aircraft, a range of compressed air snap- 
bottles has been evolved by The Hymatic 
Engineering Company, Ltd., Redditch, Worcs. 
The air is sealed within the cylinder by a dia- 
phragm of 0-004in aluminium foil, and released 
by allowing the pressure to rupture the dia- 
phragm. The release mechanism can be initiated 
either mechanically or electrically; the unit 
illustrated below has a mechanical device, 
details of which are shown in our drawing. The 
sliding support A is retained by four steel balls 
within a cage on the diaphragm clamp plate B. 
Rotation of the ring C through approximately 
60 deg. brings a set of radial drillings opposite 
the balls, and the inclined shoulder on A drives 
them outward as the diaphragm ruptures. The 








Details of release mechanism 


enclosed air then escapes through the drilled 
passages in the sliding support, O-rings at each 
end of which prevent it leaking through the 
operating gear. A shouldei on top of the ring 
C engages with the lockiug pin used to prevent 
inadvertent actuation on the ground. The 
mechanism is lubricated with silicone grease for 
immunity to extreme temperature. 

The electrically operated valve includes a 
pyrotechnic device. The sliding support, solid 





Snap bottle for aircraft emergency services 


in this case, is retained by a “* Bakelite ’ column 
containing an explosive charge. When the charge 
is detonated the support cannot move towards 
the air space because beyond the diaphragm there 
is a tiozzle smaller in bore than the plunger. 
When the products of combustion have partially 
exhausted through drillings in the casing, the 
compressed air forces the plunger back and 
escapes through a union on the side of the fitting. 
A single O-ring separates the air from the gases. 

At the other end of the bottle are the pressure 
gauge and ground charging connection ; leakage 
at this end is suppressed with Dowty bonded 
seals, The cylinder itself is a light-alloy forging. 
Working pressures up to 3000 Ib per square inch 
and capacities up to 30 cubic inches are standard. 
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Fast-Travelling Crane 


A CRANE designed to combine mobility 
and economy has been introduced by K. 
and L. Steelfounders and Engineers, Ltd., 
and is known as the Jones ““ KL 10-10.” As the 
illustrations show, it has the appearance of a lorry- 
mounted crane, but the power unit and control 
cabin of the lorry serve also to operate the crane ; 
a minimum of transmission equipment and con- 
trol mechanism is used. The long wheelbase of 
this vehicle compared to a mobile crane with 
engine and cab on the superstructure allows it to 
be driven at the speeds of normal heavy goods 
vehicles, and the conventional transmission to 
the road wheels makes this possible. 

The resemblance to a truck is in some respects 
superficial. The rear part of the chassis is a box 
formed by two I-section rolled steel joists united 
by a heavy steel platform which is attached by 
very heavy angle brackets ; the weight and stiff- 
ness of this end of the chassis are high. Towards 
the front the side members taper to a fabricated 
channel section, but the frame is by no means 
flexible and the cross members are tubular. 
Certain of the latter are bolted in, but apart from 
this the chassis is entirely welded. 

On top of the chassis is welded a heavy ring, 
cast and stress relieved, in the upper face of which 
a part-circular-section groove is turned with a 
form tool and subsequently polished. Large 
steel balls, located in a cage, run in_ this 
track and carry the superstructure on a corre- 
sponding track in a cast gear wheel. I front of 
and behind this ring the chassis houses outriggers 
extending sideways ; these end in very short 
screw jacks, it having been found that screw jacks 
long enough to reach the normal ground level 
were liable to bend under transverse loads, and 
also picked up grit excessively. The pin holding 


the outrigger in the stowed position passes 
through the jack to prevent it unscrewing. 






















As is customary on cranes, the rear suspension 
is by walking beams in place of springs ; the 
two overdriven worm axles are Leyland com- 
ponents, and the walking beam bushes arecommon 
Leyland spring pivots. The beams pivot on a 
solid shaft clamped in place below the chassis, 
and by splitting the clamps the chassis can be 
lifted clear of the rear bogie. A ratchet hand 
brake acts on all four hubs ; since it is intended 
to hold the machine at rest, the linkage is not 
compensated for movement of the beams. At 
the front of the frame a pair of semi-elliptic 
springs carry an A.E.C. axle, chosen because 
either beam or driven versions are available. 
Since far larger movements and loads are encoun- 
tered than on conventional vehicles, special 
springs had to be evolved ; one factor easing 
the design was that the load on this axle, when 
travelling, varies little. Telescopic shock 
absorbers are applied to the front axle. All 
wheels have 11-00 x 20 tyres of sixteen-ply rating; 
two spares are carried. 

The engine is a Leyland “ 0.600,” of 125 h.p. 
at 1800 r.p.m., fitted with an all-speed pneu- 
matic governor ; the sump is of the industrial 
pattern, in order to clear a driven front axle. 
The five-speed gearbox is that of a “ Super 
Hippo,” with top power take-off ; the take-off 
has many Leyland parts, but provides a slight 
step-up ratio. From the main box an open 
propeller shaft runs to an intermediate bearing, 
or the transfer box for the front axle, and another 
leads to the centre axle. Positive oil circulation 
is not used on the worm axles ; the front axle 
has a slightly different ratio and is engaged only 
on surfaces lacking adhesion. 

From the power take-off a jointed shaft leads 
to a bevel box that provides the various crane 
motions. The control systems follow the lines 
of smaller Jones cranes, each movement being 
selected by friction 
clutches held in through 
thrust races. These races 
have plain bearings 
of “graphitised”’’ bronze; 
they are lubricated by 
grease gun, but it is 
found that if they are 
lubricated frequently in 
the early months of con- 
tinuous service, they can 
continue with relatively 
little attention. The ar- 
rangement of the crane 
components can be de- 
tected in the illustration 
of a crane under con- 
struction ; nearest to the 
cab is placed the hoist 
winch. This is driven 
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through two stages of straight spur reduction gear- 
ing ; on the intermediate shaft there runs a sprocket 
which can be engaged by a clutch, and which 
drives another sprocket of closely similar size 
on the drum to give a fast drive down. The 
final shaft passes through the drum and carrics 
an internal expanding clutch which is in it: 
mechanism a two-leading-shoe, wedge-operate 
brake. This clutch is engaged, by a pneumati. 
servo consisting of an air brake motor, to driv 
the hook up. The clutch mechanism carries 
pair of pawls which are controlled by bronz 
pads bearing on the inside of the hoist brak. 
drum ; when the drum is lifting, the pawls ar 
drawn in, but a movement in the opposite 
direction of less than an inch drives the paw! 
out to engage in teeth within the brake drum 
To lower, the spring-loaded band brake i 
released by a hydraulic ram, air actuation haviny 
been found lacking in responsiveness for this task 
The hoist cable is led through the centre pivot o! 
the turntable. 

Beside the hoist drum can be fitted an auxiliary 
drum for grabbing, or a mechanism providing 
engine braking on lowering for use in those 
countries where lowering on the brake alone is 
not acceptable. A sprocket chain drive off the 
hoist drum and a single gear reduction gives 
another free-wheel mechanism the opposite 
rotation to the hoist train ; thus, in hoisting, 
this free-wheel over-runs at high speed. The 
free-wheel engages when the lowering speed 
becomes equivalent to the speed of the engine, 
and any increase in rate of lowering must drive 
the engine—this form of control has been found 
to be adequate with full load and the brake dis- 
engaged by selecting ‘‘ drive down.” 

Nearer to the turntable is the slewing 
mechanism ; the power is fed into it by a shaft 
on which run two bevels engaging a third at 
right angles, and either of the two is clutched in 
according to the direction of motion required. 
The output bevel drives through worm gearing a 
pinion engaging the turntable gear. 

The third motion train is carried through a 
pair of clutches, as just described, to a deep pinion 
running on the centre pivot. Meshing with this 
same pinion is a worm gear driving the derrick- 
ing drum on the turntable ;_ the top of the worm 
shaft carries a spring-loaded band brake to give 
a rapid cessation of movement after luffing out. 
Since the brake is on the rotating structure, there 
is no derricking travel when the crane is slewed 
with the derricking clutches disengaged. 

All the mechanism on the chassis is covered by 
steel panelling strong enough to stand on. The 
panels can be hinged open and slid off like lorry 
drop sides for inspection and servicing, and for 
more extensive work the supporting framework 
can be dismantled by withdrawing spring-loaded 
latches. 

Welded steel tube jibs of either cantilever or 
strut pattern, with lengths of 30ft to 60ft and 
75ft respectively, can be fitted. Our illustration 
shows how a strut jib can be partially folded 
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for travelling ; the long links locating the lower 
section serve, when the jib is in use, to drive a 
mechanism feeding back jib angle to the large 
radius indicating drums behind the frame. 

All controls are in the cab, which has two 
operating positions, on the offside facing 
forward and in the centre facing back. The 
first has all normal vehicle controls, with an 
unusually small steering wheel, the handbrake 
and gear lever being on the inside. The second 
duplicates the pedals, except that the accelerator 
gives only about 1000 r.p.m., and has an even 
smaller steering wheel. The two wheels are 
linked together by sprocket chain and gears to 
rotate in opposite directions, and the steering is 
power-assisted by a Clayton Dewandre hydraulic 
system, running off the smaller of two Dowty 
pumps on the engine (the larger drives the brake 
off for lowering—the steering system demands a 
constant flow). The crane is controlled by levers, 
all moving fore and aft; on the operator’s left 
the derricking lever engages the “in” and 

* out” clutches directly, and the hoist lever 
operates, in order away from the operator, the 
hoist clutch pneumatic valve, the brake release 
hydraulic valve, and then the “ drive down” 
clutch in addition. To the right are levers 
directly attached to the slewing clutches and a 
sprag engaging the ring gear. Normally, two 
separate seats are provided, the one in the centre 
pivoting to face fore or aft, but one seat can be 
fitted to swing from one position to the other, to 
do which the gear lever must be folded. 

As can be seen, the cab is extensively glazed, 
to the extent that external mirrors are not fitted ; 
none of the windows open, except for small hand 
signalling ports, but there are small ventilators 
in the roof. A tropical cab is optional, but an 
all-climate radiator and a methanol anti-icer for 
the air pressure system are standard equipment. 

Operating free-on-wheels, the crane can lift 
7 tons at 10ft radius, or, with 60ft strut jib, 
10 cwt at 45ft (rather less with cantilever jib in 
the latter case) ; these loads can be carried from 
place to place in the manner of a mobile crane. 
Jacked on its outriggers, the maximum perform- 
ance of the crane is 10 tons at 10ft—or, with 
60ft jibs, } ton at 45ft and 42ft respectively canti- 
lever and strut: the 75ft strut can be used to raise 
10 cwt at 45ft radius to a height of 66ft. Slewing 
is limited to one full circle, the limits being at 
dead ahead ; this is because the electric supplies 
to the optional safe load indicator and jib lights 
share the hollow centre pin with the hoist rope. 
Travelling, the crane can reach 30 m.p.h.; 
weighing, as it does, 24} tons, it cannot use the 
roads of this country without dispensation. 





Proposed Coal-Burning Power 
Station at Thorpe Marsh 


THe Central Electricity ‘Authority proposes 
to apply for consent to the building of a 1100MW 
coal-burning power station on a site at Thorpe 
Marsh, to the west of the new course of the 
River Don, about 4 miles north-east of Doncaster 
and half a mile west’ of Barnby Dun village. 
Such a station will be required in this area by 
the early 1950s, primarily to meet the rapidly 
growing demand for electricity in South York- 
shire. It is intended that the generating plant 
should consist of two SSOMW turbo-alternator 
sets. The annual consumption of coal would be 
more than 2,500,000 tons and most of this 
requirement would come from the coalfields of 
Yorkshire and northern Nottinghamshire. An 
advantage of the site is that most of the coal 
could be delivered by rail over the little used 
Gowdall-to-Braithwaite mineral line which would 
otherwise probably become redundant. The 
station would be linked to the 275kV intercon- 
nection system. 





s 

AUTOMATIC CRANE AND CRANE RAIL LUBRICATION. 
—A new equipment developed by Centralube, Ltd., 
Great Western Trading Estate, Park Royal Road, 
London, N.W.10, automatically lubricates crane rails 
and the wheel, long travel and other bearings of a 
crane. With it a predetermined quantity of grease 
is delivered to each bearing whilst the crane is in 
operation. 
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The Saunders-Roe S.R. 53 mixed-power-plant aircraft has a turbo-jet engine in the top of the fuselage 


Recent First Flights 


HIS illustration shows the Saunders-Roe 
S.R. 53 research aircraft, which made its first 
flight last week. It is driven by both jet and 
rocket thrust, the engines being respectively an 
Armstrong Siddeley “* Viper’? and a de Havil- 
land “‘ Spectre.’”” The aircraft was originally 
projected as an interceptor fighter, the gas 
turbine endowing it with the ability to cruise and 
hold off economically, but is now regarded 
solely as a research aircraft. It is immediately 
clear that radar could not be carried on the air- 
craft illustrated because of the forward retraction 
of the nosewheel, a feature favoured for rapid 
extension and easy emergency actuation. The 
cabin is remarkable in that it resembles that of 
a subsonic fighter, and appears to sacrifice drag 
to undistorted forward view. Behind the 
cockpit are two small intakes for the air breathing 
engine, with no visible boundary layer bleeds. 
The greater part of the large and shapely fuselage 
is doubtless devoted to tankage ; in view of the 
high throughput of the rocket, it may be assumed 
that the high test peroxide would be in the 
fuselage and the wing used only for kerosene. 
The wing is a delta in plan form, but with 
blunt truncated tips ; the leading edge, being 
subsonic, has a conventional radius. There 
appear to be both flaps and ailerons, operated 
by faired external linkages ; the use of flaps and 
no slots may explain the small ground angle of 
incidence and the provision of a tailplane. This 
is also a delta, located on the fin in the manner 
favoured for slab tailplanes, but has external 
fairings that suggest operating gear for a torsion- 


ally weak elevator. There appear to be tabs on 
the rudder. The provision of whip aerials, air 
scoops and protuberances is extreme for a super- 
sonic aircraft. 

The aerodynamic design is remarkable, super- 
sonic deltas with tails being represented hitherto 
by the designs of Sukhoi, having stabilisers and 
elevators mounted on the fuselage, which are 
regarded as interim aircraft based upon very 
great experience with swept wing supersonic 
fighters. However, the S.R. 53 has a striking 
resemblance to one of the subsonic deltas, the 
Gloster “‘ Javelin’’; since it is known that a 
thin-winged supersonic version of the big inter- 
ceptor was projected, it is probable that the two 
designs have shared a great deal of wind tunnel 
and theoretical investigation. 

The Armstrong Siddeley ‘‘ Viper”? A.S.V. 5 
has accumulated much supersonic flight time on 
the French “ Trident’? II mixed-power plant 
fighter, whith has gained support as an inter- 
ceptor on the Continent due to its possessing the 
high rate of climb needed to counter attack 
from short ranges. The “ Spectre’ has per- 
formed flight trials in an English - Electric 
** Canberra.” 

The first flight also took place last week of the 
Miles M.100 “ Student.’ This lightweight jet 
trainer was described in some detail in these 
columns on December 16, 1955, page 879 ; the 
prototype, shown here, has a single Turboméca 
“* Marbore ”’ jet engine, but two “ Palas ’’ plants 
can be incorporated to allow instruction in the 
handling of twins. 





The Miles ‘‘ Student ”’ side-by-side training aircraft ; the engine 
easy escape is provided by large doorways 


is carried above the centre section, and 
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Industrial and Labour Notes 


Restrictive Practices 

A statement about the inquiry into 
restrictive practices which impede the efficient 
use of manpower was made last week by the 
Minister of Labour, Mr. Iain Macleod, in a 
written reply. He recalled that, a year ago, 
the National Joint Advisory Council decided 
to draw the attention of employers and trade 
unions in all industries to the urgent need for 
such an examination, and each industry was 
invited to submit a report on the action it was 
taking or proposing to take. 

The Minister stated that, although a 
number of answers were still outstanding, 
those so far received covered about 80 per 
cent of the employees in British industry. 
About one-third of those industries which 
had replied reported that they had no 
serious difficulties in regard to restrictive 
practices, and of the remainder, the great 
majority either had established, or were 
establishing, machinery to examine the 
problem on a joint basis. A small number of 
industries, amounting to rather less than 
one-sixth of all which had replied, had so 
far, for various reasons, been unable to 
embark on a joint examination of their 
problems. The difficulties in these cases, the 
reply explained, varied considerably, and the 
National Joint Advisory Council was taking 
follow-up action according to the circum- 
stances of each case. 

Generally speaking, the Minister added, 
the replies received offered encouraging 
evidence of the willingness of employers and 
trade unions throughout the greater part of 
British industry to discuss and seek satis- 
factory solutions of the problems of restric- 
tive practices. A high proportion of the 
industries concerned had submitted detailed 
reports which showed clearly that the matter 
was being fully investigated, often by a joint 
committee appointed for the purpose, with 
useful results. That method, the Minister 
emphasised, was “‘ the most fruitful approach 
to a very difficult problem.” 


Middle East Pipeline 

Last week, a conference was held in 
London between representatives of oil com- 
panies with interests in the Middle East, to 
discuss problems connected with proposals 
for the expansion of oil transport by pipe- 
line. It decided to set up a continuing group 
which will give further study to the many 
intricate technical, financial and legal matters 
involved. It is hoped that these studies will 
result in sufficiently concrete proposals to 
permit the companies to present them for 

discussion with governments concerned. 
The new pipeline system being studied is 
designed to provide, by stages, transport to 
the Mediterranean seaboard for some 
70,000,000 tons a year of crude oil, to assist 
in meeting the increased demand forecast for 
the early 1960s. Thus, the proposed system 
would supplement and not replace the full 
use of existing transport facilities. It is 
anticipated that the first stage of the project 
will be to transport approximately 40,000,000 
tons a year through one 38/40in line. The 
cost of the project as a whole is estimated to 
exceed £300 million. The interests repre- 
sented at the conference were American 
Independent Oil Company, the Atlantic 
Refining Company, Compagnie Francaise des 
Petroles, Getty Oil Company, Gulf Oil 
Corporation, Hancock Oil Company, Rich- 


field Oil Corporation, San Jacinto Petroleum 
Corporation, Signal Oil and Gas Company, 
Socony Mobil Oil Company Incorporated, 
Standard Oil Company of California, 
Standard Oil Company (New Jersey), the 
Standard Oil Company (Ohio), the Texas 
Company, Tidewater Oil Company, Royal 
Dutch/Shell, and the British Petroleum 
Company, Ltd. 


Institute of Export 


The annual general meeting of the 
Institute of Export was held in London on 
May 15. Mr. Leslie Gamage was re-elected 
president. 


The council’s report was presented by the 
chairman, Mr. T. Boyd Boyd, who said that, 
just as the best British goods to-day were 
better than the best any other country could 
produce, so also the export sales methods 
employed by the best British manufacturers 
excelled when compared with their com- 
petitors in world markets. What had to be 
contended with at the present, however, was 
the fact that in every British industry there 
existed a core of complacency, a number of 
individual firms content to be carried on the 
backs of other manufacturers who were pre- 
pared to take an intelligent interest in world 
markets. Mr. Boyd considered that it was 
obligatory upon the Government to put into 
effect, at the earliest possible moment, 
measures designed to ensure that the good 
health of the nation was not jeopardised by 
the mercenary selfishness of a few. 


Ample statistics were available, Mr. Boyd 
continued, to make possible the compilation 
of charts showing, industry by industry, those 
individual firms which were making out of 
their production a worthwhile contribution 
to the national export endeavour, and those, 
so to speak, “‘ below the line,” which were 
not. Published statistics hitherto had 
generally recorded the percentage of advance 
or decrease in the export shipments of an 
industry as a whole. Such figures, Mr. Boyd 
commented, had belittled the efforts of the 
best firms in each industry and had “ white- 
washed the apathy of firms below the line.” 
It was to improving the performance of 
individual firms that future Government 
effort should be directed, and, Mr. Boyd 
asserted, the national need was surely so 
imperative that unorthodox methods might 
be employed. Consideration might be given, 
for example, to the establishment of a 
“ National Export Roll,’ admission to which 
would be available only to firms which sold 
a high percentage of their production abroad. 
Such positive action, Mr. Boyd suggested, 
might induce in the directorates and manage- 
ments of companies which had consistentiy 
refused to pull their weight in the export 
field, the salutary fear that their competitors 
in the home market might benefit at their 


expense. 


The Professional Civil Service 


The twelfth annual conference of the 
Institution of Professional Civil Servants has 
been held at Eastbourne this week. Among 
the matters which have been debated are 
demands for improved pay and conditions 
and Government policy on training and 
education. About the latter, the conference 
urged that the Government should apply to 
its own servants the advice in the White 


Paper on Technical Education which com 
ments that “enlightened firms pay college 
fees and students’ wages during studies for 
further qualifications.” 


In an opening address on Monday, the 
chairman of the Institution, Mr. E. Hewlett. 
commented on the problem of redundancy, 
which, he said, was a problem before th: 
conference ten years ago, and was of import- 
ance again now. The Government’s decision 
to cut civil service expenditure and effect a 
reduction in staff during 1956 had created 
serious difficulties in many departments. 
Despite assurances by the Chancellor of the 
Exchequer and other Ministers that cuts in 
staff would not be made in an arbitrary 
manner, Mr. Hewlett remarked, the depart- 
mental negotiations had indicated that figures 
for reductions in numbers of non-industrial 
staff had been arrived at without any close 
examination of the requirements of the work. 
Changes in Government policy, such as the 
new defence policy, Mr. Hewlett agreed, 
would undoubtedly have repercussions on the 
numbers of civil servants employed. Where 
a definite decision was taken to discontinue a 
block of work or to reduce it drastically, 
clearly there was a case to remove or transfer 
all or some of the staff concerned. In those 
circumstances, the Institution’s function was 
to minimise the hardship and inconvenience 
suffered by those members of the staff. 


Mr. Hewlett went on to say that the 
Institution’s quarrel was not with staff 
fluctuations occasioned by changes in work, 
but with the tendency of governments to 
impose staff cuts unrelated to the needs of 
the work. He deliberately used the word 
governments in the plural, he said, because 
the practice of imposing staff cuts seemed “* to 
have nothing to do with the politics of the 
party in power.” The Government of 1947 
was of a different complexion from that of 
1957, but it was significant, Mr. Hewlett 
observed, that the Institution’s conference 
ten years ago found it necessary to pass a 
resolution on redundancy almost identical in 
sentiment with that put down on this year’s 
order paper. It was, of course, a simple 
expedient when the cry was for economy to 
reduce the civil service in an arbitrary manner, 
but cuts of that kind, Mr. Hewlett urged, 
were liable to cause serious damage to the 
organisation of departments and in the long 
run lead to the inefficient use of the staff who 
remained. 


Overseas Trade 


Figures issued by the Board of 
Trade show the value of the United King- 
dom’s exports in April as £272,200,000, 
which was about 24 per cent below the 
monthly average for the first quarter of this 
year. In the first four months of 1957 the 
value of exports, excluding silver bullion 
repayments, was 7 per cent higher than in 
the comparable period of last year. Imports 
in April were valued at £349,600,000, or 1 per 
cent below the first quarter’s average. In 
the first four months of this year the value of 
imports was 74 per cent more than in the 
corresponding period of 1956, though arrivals 
delayed in the closing months of last year 
accounted for about one-third of the increase. 
With re-exports in April at £8,600,000, the 
visible trade gap was £68,800,000 ; in the 
first four months of this year it averaged 
£63,000,000. 
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German Industries Fair, Hanover 


No. IV—{ Concluded from page 772, May 17) 


SALZGITTER MASCHINEN A.G. AND HANIEL 
AND LUEG, G.M.B.H. 


A NEW version of the Salzgitter ‘‘ Gulliver ”’ 
tubular drill mast, for depths up to 3000m, 
was shown in the open air section. In connection 
with this exhibit Salzgitter Maschinen A.G., 
Salzgitter-Bad, and Haniel and Lueg, G.m.b.H., 
Diisseldorf, showed their turbo-drill equipment 
which is being built on the basis of a Russian 
licence. Up to the present, this kind of drill 
has not been used to any extent outside Russia, 
whereas in that country about 80 per cent of all 
bore-holes are sunk by means of turbo-drills. 
It is claimed that as compared with rotary drilling, 
the turbo-drill is three times faster under adverse 
rock conditions, and up to twenty times faster 
where conditions are favourable. Drills range 
from 5in to 10in in diameter and 11 h.p. to 360 h.p. 
They are driven by pressure water at 385 lb 
to 1680 1b per square inch, with speeds varying 
between some 420 and 880 r.p.m., and require 
between 2 and 12 gallons per second, depending 
on size. The number of turbine stages varies 
from 79 to 240, and the total weight between 
1120 1b and 15001b. The rotor is supported in 
intermediate bearings which are rubber lined. 
It is claimed straight holes are produced with 
stabilisers and that diameters are accurately 
maintained. No whipstocks are required for 
accurate deviation and directional drilling. 
Among the advantages of turbo-drilling is stated 
to be a reduction in wear and tear of drill pipe 
and rig. The drill pipe is not ae to excessive 
twist and frictional strain. 


MANNESMANN-MEER AKTIENGESELLSCHAFT 


The Mannesmann-Meer Aktiengesellschaft, of 
Miinchen-Gladbach, demonstrated throughout 
the Fair the operation of the complete steam 
plant illustrated below. It comprised a ** Weka”’ 
corner-tube, water-tube boiler, designed and 
constructed by Wilh. Kiisters Dampfkessel- 
fabrik, Aachen, and fired by coal gas from the 





380 b.h.p. vertical steam engine with alternator—Mannesmann-Meer 


mains, having a designed output of 3500 1b to 
4460 lb of steam per hour at 710 deg. Fah., and 
450 lb per square inch. The four-cylinder, 
enclosed engine, with a designed output of 380 
b.h.p. at 750 r.p.m., was directly coupled to a 
Schorch polyphase synchronous alternator. 

The engine is an example of a series principally 
built for power generation, if desired, with inter- 
mediate steam extraction, or for the utilisation 
of waste steam. 

Examples were also shown of the new series 
of compressors having a range from 1-2 cubic 
feet per minute up to 17,000 cubic feet per 
minute, built in close co-operation with the 
subsidiary company, Maschinenfabrik Karl 
Wittig. 


HERAEUS, HANAU 


On the stand of Heraeus, Hanau, could 
be seen the first European example of 
extruded “ Zircaloy 2” tubing. This alloy finds 
application for cans in reactors moderated by 
water or heavy water. Consisting of Zir- 
conium, with 1-5 per cent tin, and 0-1 per cent 
each of iron, chromium and nickel, it has 
excellent corrosion resistance, which enable it to 
be used at temperatures in excess of 400 deg. 
Cent. 

Among this company’s high vacuum equip- 
ment was a titanium ion pump for which it has 
obtained the European licence from Consolidated 
Vacuum Corporation, Rochester, U.S.A. The 
range of these pumps is from 10mm to 10-°*mm 
Hg. with maximum pumping speed at 10-*mm 
to 10-*mm Hg. No baffles or refrigerated traps 
are required. 

Also shown was a vacuum arc furnace, model 
VA-L.200b, for the melting in vacuum down to 
2x10“mm Hg., or in an inert atmosphere at 
pressures of less than atmospheric, of refractory 
metals, such as titanium, zirconium, tungsten, 
molybdenum, and many others, as well as special 
alloys, carbides and borides. The furnace is 
universally suitable for use with a fixed electrode 
of tungsten, graphite 
or metallic carbides, or 
with a consumable elec- 
trode consisting of the 
metal which is to be 
melted. Ingot from a few 
grains to several 
kilogrammes can be ob- 
tained, the crucible vol- 
ume being | litre. The 
furnace is equipped with 
a single-stage force pump 
of 10 cubic metres per 
hour capacity, and a 
Roots high - vacuum 
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pump of 150 cubic metres per hour capacity. 
Maximum arc current is 2000A. 


“* ARBEITSKREIS AMPHIBISCHER VERKEHR”” 


An important development in the transport 
of bulk goods, especially coal, coke and ore, was 
marked by the exhibits of the ‘* Arbeitskreis 
Amphibischer Verkehr” (Study Group for 
Amphibious Transport), the members of which 
are Hoesch-Werke A.G., Dortmund, and A.G. 
fir Berg-und Hiittenbetriebe, Salzgitter-Driitte. 
The system is based on the tubular floating 
container for canal and river traffic, introduced 
about fifteen years ago. 

These containers can be lashed together to 
form rafts, a number of which are formed 
into a train, which is propelled by special 
tug units at the bow and stern. As de- 
veloped by the Arbeitskreis, the idea has been 
carried a step further by enabling the containers 
to be put on railway bogies. Two designs were 
shown, each with a capacity of 50 tons (approxi- 
mately), one by Orenstein-Koppel and Liibecker 
Maschinenbau Aktiengesellschaft, Dortmund, 
the other by Famas-Linke-Hofmann-Busch 
G.m.b.H., Salzgitter-Watenstedt. In addition, 
a working model of a complete installation was 
exhibited, which included the sloping traverser 
(by Maschinenfabrik Deutschland A.G., Dort- 
mund) for the transfer of the containers between 
land and water. 


CARL ZEIss, OBERKOCHEN 


Among the exhibits on the stand of Carl Zeiss, 
Oberkochen (Wiirttemberg), was the angle testing 
instrument with built-in circular glass scale which 
is protected from dirt and mechanical damage 
and can be read by means of a microscope. A 
centring device in the housing of the circular 
scale consists of a steel cylinder for testing the 
concentricity of the mounted test specimen by 
means of a dial indicator. The reading micro- 
scope is set up independently of the circle, at 
right angles or parallel with the axis of rotation 
(in the former case, a 90 deg. prism is fitted to 
the objective). The angular eyepiece is rotatable 
about 360 deg. and thus permits easy observa- 
tions. The glass scale is divided into degrees, and 
can be read to six seconds of arc by means of the 
eyepiece micrometer. 


Scuigess-DEFRIES HEBEZEUG UND KRANBAU 
G.M.B.H. 


On the stand of the Schiess-Defries Hebezeug 
und Kranbau G.m.b.H., of Diisseldorf Ober- 
kassel, was the light construction crane crab, 
designed for a 5-ton crane, illustrated below. 
The crab has a single horizontally split gear case 
which contains all the drives for travelling and 
lifting. The lower part of the gear case is filled 
with oil. The brake for the lifting gear is con- 
veniently embodied in the electric motor. The 
motors are flanged on to the inner side of the 
gear case, so that stresses caused by the uneven- 





Light construction crane crab—Schiess-Defries Hebezeug und Kranbau G.m.b.H. 
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ness of the supporting frame are avoided so far 
as possible. Total weight, including motors, is 
only about 1500 kg. 


MASCHINENFABRIK BUCKAU R. WOLF A.G. 


One of the exhibits by Maschinenfabrik 
Buckau R. Wolf, Grevenbroich, was an improved 
version of its two-stage, medium-size, mixed- 
pressure boiler, which is stated to combine the 
large heat storage capacity of a water space 
boiler, with the small space requirements, rapid 
heating up, and good efficiency, of a radiation 
boiler. Based on the Hartmann design, it has a 
horizontal water-tube primary boiler, which 
transfers heat to a secondary system by means of 
a heat exchanger situated inside a large boiler 
drum. The primary circuit is completely isolated 
so that scale formation from impure feed water 
cannot occur. Because of the lower temperatures 
in the secondary system any scale formed is 
easily removable. An economiser is built in. 
The boiler is provided with lightweight insulation 
and does not require any brickwork. 


HyprRomatic, G.M.B.H. 


As an extension of its range of steplessly 
variable hydraulic transmissions, Hydromatic, 
G.m.b.H., Ulm (Donau), P.O.B. 737, showed 
the “‘ Hydro-Gigant ” model 50/11 transmission, 
which is arranged for 600 r.p.m. input, 0-590 
I.p.m. output, and a transmitted power of up to 
225 h.p. in continuous operation, with up to 
450 h.p. occasional peak loading. The torque 
ranges between 270 mkg (continuous rating) and 
540 mkg (occasional peaks). The “ Hydro- 
Gigant”’ transmission possesses a variable delivery 
axial piston pump combined with an oil motor 
which is normally of the fixed type. In this way 
the output speed can be varied between zero and 
full input speed in either sense. If the oil motor, 
in addition, is arranged to be variable, a range of 
zero to twice the input speed can be obtained. 
The transmissions are obtainable either as units 
or with pumps and motors as separate items. 

BOLENZ UND SCHAFER 

On the stand of Bolenz iind Schafer, Eckels- 
hausen b. Biedenkopf/Lahn, were seen a new 
range of small oil-gas accumulators. The design 
contains a movable piston which separates the 
oil and gas space and prevents mixing. The 
useful oil content ranges from 0-25 litre to 
16 litres, and pressures up to 200 atmospheres 
gauge can be used. 


ZAHNRADERFABRIK RENK AKTIENGESELLSCHAFT 


A hydrostatic coupling intended principally for 
marine applications was shown by Zahnrader- 
fabrik Renk Aktiengesellschaft, Augsburg. The 
coupling permits a relative rotational displace- 
ment of +10 deg., and gets harder with an 
increase in speed, and vice versa; there is no 
slip. 

The coupling consists of an outer member 
with fixed radial chambers, and a star-shaped 
inner member arranged so that each arm of the 
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star divides the chamber in which it moves into 
two spaces of varying size, depending on the 
angular position. The chambers are filled to a 
greater or lesser extent with oil which is trans- 
ferred from one to the other part of each chamber 
if the sense of the rotation changes. When 
torque fluctuations occur, the relative movement 
of the outer and inner vanes causes the oil level 
to vary. This brings about a change in the 
effective area on which the centrifugal oil 
pressure is acting, and so causes a restoring 
change in torque. The oil chambers are con- 
nected to an outer chamber from which displaced 
oil is removed by a scoop. In this way, the 
amount of oii in the coupling automatically 
adjusts itself. 


ALLGEMEINE ELECTRICITATS-GESELLSCHAFT 


Among the marine equipment shown by 
A.E.G. Allgemeine Electricitats-Gesellschaft, 
Berlin and Frankfurt/Main, was a range of self- 
regulating exciterless synchronous generators. 

A watertight bulkhead bushing for bundled 
and multi-core electric cables was on view, made 
from epoxy resin by a single casting process. 
The seal will withstand a three-hour exposure to 
380 deg. Cent. 

The “‘ REDC 10” rotary vane rudder gear is 
an improved version of the A.E.G. oil-hydraulic 
steering engine. The operating pressure has 
been raised to 40 atmospheres so that the required 
hydraulic pump set is smaller, and the mounting 
has been simplified by a two-point structural 
suspension. 

Among the control and regulating equipment 
may be mentioned an electro-pneumatic con- 
troller in which the actually measured value and 
the desired value are compared by an inductive 
detector. The deviation signal is simplified and 
converted proportionally into a regulating or 
positioning force, by means of an electro- 
pneumatic transducer. A transducer feedback 
is provided and gives the unit either a propor- 
tional action or a compound or compound- 
derivative action. Both amplifier and transducer 
are rack-mounted to allow of maintenance by 
exchange. The controller has been applied to 
automatic boiler control. 


Two New BUvuILDINGS FOR TRON AND STEEL 
EXHIBITS 


In our first article we made a brief reference to 
the new buildings which have been erected by 
the German iron and steel firms in the grounds 
of the Open Air Exhibition. Below we illus- 
trate the Thyssenstahl House, built for the 
products of the August Thyssen Hiitte A.G., of 
Duisburg-Hamborn, along with the Nieder- 
rheinische Hiitte A.G., and its subsidiaries. 
The building has an area of close upon 1000 
square metres and encloses a space of about 6500 
cubic metres. It is supported by an overhead 
framed structure, which is over 35m long and has 
vee-shaped girder supports at either end. On the 
right-hand side will be seen the transverse deep 
girders, which carry at their ends the double 
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wire ropes on which the building structure is 
suspended. The front part of the building is 
constructed of “ Siporex”’ light concrete wal! 
plates covering some 250 square metres, and tal! 
glass windows extending over 500 square metres 
enclose the exhibition space. On the front of the 
building there are arranged at either side tal! 
outlines of typical Thyssen blast-furnaces and 
rolling mills. 

The new building was designed by the architect 
H. Boventer, of Diisseldorf. | Constructional 
work was carried out by Aug. Kl6nne, Dortmund. 
The main structure contains some 250 tons of 
steel with 10km of welding seams in 1200 
different positions. 

Another building nearby is that of the Siegener 
A.G., of Geisweid as illustrated below. It 
stands on a site of some 1000 square metres, of 
which the area of the built up portion is about 
600 square metres, enclosing a space of some 
5000 cubic metres. The design utilises the pro- 
ducts of the owner firms, e.g., on the left of the 
building the contrast between the corrugated 
galvanised iron sheets with the tall glass windows 
may be noted. Architects were H. Boventer and 
H. Hoffacker, both of Diisseldorf. 


Congress of the Precast Concrete Industry 


The Second International Congress of the 
Precast Concrete Industry will be held in Wies- 
baden from June 22 to 28, it is announced. The 
first congress, it will be recalled, was organised 
by the Belgian Association of the Precast Con- 
crete Industry in 1954, and resulted in the estab- 
lishment of the Bureau International du Béton 
Manufacturé (BIBM), with its head office in 
Brussels. National’ member organisations of 
BIBM which will participate in the second con- 
gress will be those of The Netherlands, Great 
Britain, Germany, Sweden, Belgium, France, 
Denmark, Norway, Finland and Austria. During 
the sessions of the congress, several well-known 
engineers will discuss various aspects of pre- 
fabricated concrete elements and their manufac- 
ture. In addition to works visits and a number 
of social functions, there will also be held the 
First International Exhibition of Precast Concrete 
Machinery and Equipment. The congress is 
being organised by the Bundesverband der 
Betonsteinindustrie e.V., Bonn, Hausdorffstrasse 
191, German Federal Republic. 


Laboratory for Flight Physiology 


On May 7 the inauguration took place at the 
Brétigny Flight Test Centre of a new medico- 
physiological building devoted to problems of 


flight at high altitudes and at high speeds. In 
addition to various laboratories, the building 
houses two important installations : an altitude 
chamber capable of simulating an altitude of 
30,000m, a mean climbing speed of 500m per 
second, and a temperature of —80 deg. Cent.; 
and a large centrifuge which can reach 40g. in 
less than two seconds. 
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Missile Development Pigtgite 


The recently issued British White Paper 
on. Defence has ‘led to much discussion in 
the United States regarding .the «part to. be 
played by both guided and ballistic:missiles 
in future warfare and its prevention. «‘It is 
perhaps significant that the: White Paper 
indicating .Britain’s. heavy. future’ reliance 
on atomic weapons borne ‘by: missiles «came 
at a time when the American missile develop- 
ment programme is just entering its flight 
test phase. The current programme is of a 
magnitude even greater than that of the 
‘Manhattan District’ scheme, which’ per- 
fected the atomic bomb during the last war. 
It is principally intended to create a. line 
of five thermonuclear weapons known as 
long-range ballistic missiles. These giant 
missiles—‘* Atlas,” * Titan,” ** Thor,” 
** Jupiter’ and “ Polaris ”’—are designed to 
travel over distances of 1500 to 5500 miles 
to enemy targets in a matter of minutes. 
Within the last few months, the “ Thor” 
and the “ Jupiter,” both in the 1500-mile 
class, have undergone their first test launch- 
ings from the Cape Canaveral test range in 
Florida. Neither test was particularly. suc- 
cessful. Also at the Florida range, being 
made ready for an even more ambitious leap 
toward space, is the first prototype of the 
5500-mile “* Atlas’ missile. These are the 
hesitant beginnings of a long series of tests 
in what is by far the biggest weapon develop- 
ment project in the history of the United 
States. By the time the first proven weapon 
is delivered to a fighting unit—perhaps three 
to five years from now—the investment will 
be a good deal more than double the 2000 
million dollars spent to develop the first 
atomic bomb. But dollar figures do not 
begin to convey the magnitude of the long- 
range ballistic-missile effort. More than 
100,000 persons are engaged in the long-range 
ballistic-missile programme, and the figure 
is growing steadily. The peak employment 
on the “ Manhattan District”’ programme 
was 125,000. In spite of such staggering 
figures, it has been frequently suggested 
that the missile might be the device that 
finally could level off the upward curve in 
defence spending and turn it downward. 
Certainly, a single ballistic missile will cost 
less, as a production item, than a single 
** B-52”’ bomber. But few who have closely 
viewed the growing complexity of such 
weapon design confidently expect a downturn 
in the overall price for maintaining an ade- 
quate defence. 

There are to-day many designs of missiles 
in the American arsenal—with different 
missions and different anatomies. They 
range from comparatively small air-to-air 
missiles such as the “‘ Falcon” and “ Side- 
winder,” anti-aircraft missiles such as 
“Nike” and ‘ Talos,” and larger inter- 
ceptors such as “ Bomarc,” up to non- 


ballistic inter-continental missiles that have - 


nothing like the speed and invulnerability 
of the ballistic. missile’. All these missiles 
have important functions. But they are 
dimmed in scope and striking potential by 
the ballistic-missile giants. 
missiles—the ‘‘ Atlas ” soon to be tested; and 
the “‘ Titan,” which is not as far along—are 
known as inter-continental ballistic missiles, 





The 5500-mile ; 


THE ENGINEER 


The American Scene 


BY OUR AMERICAN EDITOR 


or ICBMs. They are designed to attain 
speeds of 15,000 miles an hour and more and 
reach their targets in about half an hour. 
The 1500-mile missiles, the ‘ Thor” 
* Jupiter’ and “ Polaris,” are known as 
intermediate-range ballistic missiles or 
IRBMs. The .term “ ballistic” indicates 
that the missile flies the latter portion of its 
mission without benefit of guidance. It is 
guided on course only in the first phase of 
flight while its rocket engine is firing. When 
the fuel: is exhausted, guidance stops, and 
the nose cone, with its thermonuclear charge, 
follows a free-flight path to its destination, 
like a bullet or artillery shell. A non- 
ballistic’ missi'e stays within the earth’s 
atmosphere. Stubby wings and other con- 
trol surfaces support it throughout its flight. 
It can be guided all the way to the target 
by signals transmitted from radar or infra- 
red, target-seeking devices to these control 
surfaces. ‘‘ Atlas” was the original ICBM 
project of the U.S. Air Force, conducted at 
Convair. Much of the early work derived 
from a close study of the German “* V-2.” 
The Korean war intensified interest in the 
Convair project, and a second contract was 
awarded. But the state of the art was so 
primitive that, to perform the required 
mission, the “ Atlas” would have had to 
be a three-stage vehicle as tall as a twenty- 
storey building with seven engines develop- 
ing 125,000 lb of thrust each. The “ Atlas ” 
programme was kept “ on the back burner.” 
Pound for pound and dollar for dollar, the 
seven-engined monster did not promise 
significant yield in striking power compared 
with that provided by manned nuclear 
bombers. Then came the “ thermonuclear 
break-through ” of 1952-1953, altering the 
problem of designing an ICBM in two 
decisive ways. The multiplication of blast 
effect from using a fusion instead of a fission 
reaction meant that the missile could miss 
its bullseye by several miles and still knock 
out the target. The problem of guidance 
and accuracy was greatly simplified. The 
“ break-through ” also meant that the blast 
could be packaged in a much smaller and 
lighter container than previously required. 
Thus, the missile was reduced to reasonable 
size. About two years ago the U.S. Air 
Force decided that the perfection of an 
ICBM was so.vital that it would be wise to 
“back up” the “Atlas” project with a 
second programme approaching the problem 
in somewhat different fashion. The new 
project was assigned to the Glenn L. Martin 
Company, which had gained vast experience 
as the manufacturer of the “ Viking” 
research rockets. A “‘ Viking” still holds 
the altitude record of 158-4 miles for a single- 
stage rocket. Martin also is building the 
vehicle that will carry the first man-made 
satellite into space some time during the 
International Geophysical Year. Because 
of its late start; the “Titan” is a year 
behind .the “Atlas”’ in its development. 
But itshas been able to profit by some of the 
mistakes made on the “ Atlas,” which had 
no ICBM predecessors from which to learn. 
The “‘ Titan,” in general, is a more “‘ sophisti- 
cated” weapon than the “ Atlas,” with 
somewhat better performance figures. How- 
ever, only dozens of test firings of both the 
“* Atlas” and the “ Titan” will supply the 
Air Force with the data to decide which to 
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produce. It is likely that,-if both are per- 
fected, quantities of both will be delivered 
to the U.S. Strategic Air Command units in a 
sort of leapfrog sequence. The “ Atlas” 
would come first, then a quantity of “‘ Titans,” 
and after that perhaps an “ Atlas II” that 
improves on the “ Titan I.” 

So far, only a small number of relatively 
short-range missiles have begun to perform 
missions which had traditionally been 
reserved for manned aircraft. In both 
military and industrial circles in America, 
the general belief is that the 1500-mile inter- 
mediate-range ballistic missile, IRBM, is 
two to four years from true operational status 
and that the 5500-mile inter-continental 
ballistic missile, ICBM, is several years 
further away. One who has sought to 
temper the recent public feeling that the 
missile era is here is the man directing the 
long-range _ ballistic-missile programme, 
Major-General Bernard A. Schriever, of the 
U.S. Air Force. In a speech last January, 
General Shriever said that widely publicised 
spectacular missile kills and record-breaking 
flights were “‘ still the exception rather than 
the rule.” Far from having attained a 
“ high-production rate,” the IRBM is just 
beginning to come off the line. What the 
services are getting are a few prototypes 
whose “innards” will have to be modified as 
the first test launchings reveal inevitable weak 
spots. There is serious concern in the aircraft 
industry that some policy makers, like a large 
segment of the public, have written off even 
conventional aircraft too soon. It is feared 
that these policy makers may cause this 
country to neglect a generation of manned 
craft that should not be neglected. Unfor- 
tunately, too, there has been altogether too 
much inter-service squabbling lately over 
the respective progress of the Army and Air 
Force missile schemes. There are people in 
the Air Force project who feel that the Army’s 
IRBM, the “Jupiter,” could not reach 
operational status for two years after the 
Air Force’s “ Thor.”” They say the “* Jupiter ” 
development will be handicapped by the 
infrequency of test firings and by failure to 
start all phases of development planning 
simultaneously. The teams working on all 
three Air Force ballistic missiles are buoyed 
by the fact that, up to now, all “‘ milestones ” 
in development have been reached on 
schedule. On the other hand, the Army says 
that the Air Force will not have a missile 
until it runs off successful tests and that a 
milestone is not as good as a missile. The 
Navy, with its “ Polaris,” is a good distance 
from the tests stage and can afford to detach 
itself from the inter-service squabbling at 
present. General Schriever expressed con- 
fidence in a recent speech that weapons such 
as the IRBM and ICBM would greatly assist 
the Air Force in keeping at peak strength “‘ a 
deterrent force which no aggressor in his 
right mind would dare challenge.” But, at 
the same time, he expressed doubt that “‘ any 
one single weapon, no matter how powerful, 
can itself enforce peace in this uneasy world.” 
“In the long haul,” he warned in another 
speech, “‘ our safety as a nation may depend 
upon our achieving space superiority. Several 
decades from now, the important battles 
may not be sea battles or air battles, but space 
battles, and we should be spending a certain 
fraction of our national resources to ensure 
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that we do not lag in obtaining space 
supremacy.” Similarly, Dr. Simon Ramo, 
a co-founder of the civilian firm that has 
technical direction of the Air Force pro- 
gramme, looks on the development of the 
ICBM as an “ enormous step ” toward man’s 
extending his province into space. ‘‘ Sooner 
or later,” he warns, “the population on 
earth will get beyond us.” He envisages, a 
century from now, a sky filled with vehicles 
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supporting permanent space residents taking 
all their energy requirements from the sun. 
Unfortunately, this scientist points out, the 
energy required to vault into space will be 
so enormous that, put to destructive uses, it 
could blow up the world. “It is impossible 
to imagine we can populate space without an 
international agreement,” Dr. Ramo believes. 
“* We will have either chaos or we must learn 
to get together.” 


High-Precision Interferometer for 
Gauge Block Comparison 


HE National Bureau of Standards, of Wash- 
ington, D.C., recently developed an interfero- 
metric comparator allowing routine comparisons 
of length to be made to the nearest ten-millionth 
of aninch. Designed by the Bureau’s engineering 
metrology laboratory, the extremely precise instru- 
ment will be used to check lengths of master gauge 
blocks used in industry. At present the Bureau 
calibrates master gauge blocks to an accuracy of 
one part in a million, i.e. to the nearest millionth 
of an inch for inch-long blocks. However, the 
use of continually smaller tolerances in industry 
has caused machine tool manufacturers to 
request that the Bureau develop procedures for 
calibrating their master gauge blocks on a routine 
basis to one part in ten million. Because of the 
extreme importance of this work, the Congress 
has provided a substantial increase in the 
Bureau’s appropriation, specifically requesting 
an increased effort on this project. Ten large 
industrial firms have also made available a grant 
of 19,500 dollars per year for three years so that 
the necessary research can be carried out as soon 
as possible. 

The development of the precise interferometric 
comparator represents an important step toward 
the goal of this programme. A major problem 
yet remaining is the development of means for 





























Fig. 1—Diagram of the N.BS. interferometric 
comparator for gauge block comparisions 


the absolute calibration to the nearest ten- 
millionth of an inch of the primary standard 
gauge blocks with which the Bureau compares 
the industrial master gauge blocks. Like other 
interferometers, the N.B.S. comparator deter- 
mines the relative positions of reflecting surfaces 
by means of interference fringes formed by light 
reflected from these surfaces. However, in this 
instrument readings are taken directly from a 
micrometer screw. Thus a greater accuracy is 
obtained by eliminating the visual estimation of 
fringe displacement. As the interference fringes 
can be produced with white light instead of the 
usual monochromatic sources, the measure- 


ment does not depend on the wavelength of the 
light used. This, in turn, greatly simplifies the 
measuring procedure so that the training re- 
quired of the operator is minimised. Other 
advantages of the design are high sensitivity and 
less instability due to vibration. 

The two gauge blocks being compared are 
wrung to the horizontal surface of a flat plate so 
that they stand on end, side by side, above the 
plate, as shown in Fig. 1. A double prism 
transmits two beams of collimated white light 
down on to the top surfaces of the gauge blocks 
and the flat plate. The two parallel beams are 
reflected normally from the top surfaces of the 
gauge blocks J and K, and also from the flat 
plate L, to which the gauge blocks are wrung. 
After reflection, the two beams are combined at 
the dividing surface of the double prism, and 
two separate patterns of interference fringes are 
formed in the telescope eyepiece, as indicated 
also in Fig. 3. The difference in gauge block 
lengths is measured by the horizontal distance 
through which the optical wedges E and G must 
be moved to bring the two interference patterns 
successively into coincidence with the cross hair. 
This distance is obtained from the differential 
reading of the micrometer screw M, which moves 
the horizontal stage supporting the wedges E 
and G. In the diagram each wedge and the 
micrometer screw have been rotated through 
90 deg. to the right for 
illustrative purposes. 
The wedges D and F 
match the wedges E and 
G, respectively, in both 
wedge angle («,8) and 
index of refraction (n., 
ng). Plane parallel plates 
H and / are inserted in 
the optical paths to 
compensate for the glass 
of the wedges in the op- 
posing beam. The index 
of refraction of each 
plate is identical to that 
of the opposing wedge 
system. 

As observed in the 
eyepiece of the telescope, 
one fringe pattern is 
within the outline of the 
superimposed images of 
the gauge blocks ; the 
other is formed by the 
images of the flat plate. 
If the gauge blocks are 
of equal length the two 
fringe patterns will 
coincide, but if there is a 
difference in length the 
fringe patterns will be 
proportionately dis- 
placed with respect to 
each other. The observer 
then uses the micrometer 
screw M to move the 
optical wedge system 


until the two fringe pat- 
terns successively coin- 
cide with the cross hair 
in the microscope eye- 
piece. The distance from 
one point of coincidence 
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Fig. 3—White-light interference patterns formed in 
the comparator eye-piece 


to the other is read from the micrometer and con- 
verted into the corresponding difference in gauge 
length by means of a previously determined block 
calibration constant. In comparing the fringe 
patterns for coincidence, no prior knowledge of 
the approximate difference in gauge block length 
is required to avoid misinterpretation of the 
interference order. The white light pattern pro- 
vides a characteristic colour for the reference 
fringe in each pattern. Thus the observer has 
only to rotate the micrometer screw until both 
reference fringes coincide with the cross hair in 
the eyepiece. 

The optical wedge system consists of four 
wedges, two in each of the interfering beams. 
The wedges that are paired together are matched 
in both wedge angle and index of refraction. 
One wedge from each pair is attached to a 
movable stage driven by the micrometer screw. 
Thus the wedge system in effect introduces a 
plane parallel plate of variable thickness in each 
beam. Rotating the micrometer screw through 
the proper distance then causes a differential 
change in the optical paths of the two beams 
which brings the interference patterns into 
coincidence with the cross hair. The wedge 


Fig. 2—High precision interferometer “oe block comparison developed 


by the N.B.S. 
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angles can be chosen so as to provide a con- 
venient calibration constant between the micro- 
meter screw rotation and the change in optical 
path. In the instrument constructed at the 
Bureau the distance indicated on the micrometer 
is the difference in gauge block length multiplied 
by 5000. To keep this calibration constant 
invariant or nearly invariant over the range of 
visible wavelengths included in the white 
tungsten light used, the wedge pairs are made of 
glasses having different indices of refraction. 
Then, to compensate for the glass of the wedges 
in the opposing beam a plane parallel plate is 
inserted in each beam. Each plate has an index 
of refraction equal to that of the wedge system 
in the opposing beam when that wedge combina- 
tion has been adjusted to compensate for a zero 
path difference in air. The use of the parallel 
plates is necessary to retain the white light inter- 
ference condition. Experiments have shown that 
the calibration constant is sufficiently invariant 
with wavelength that the full range of the instru- 
ment may be used to compare gauge blocks 
differing in length by as much as two ten- 
thousandths of an inch. 

To determine the precision attainable in 
practice the interferometer was used to compare 
the lengths of ten gauge blocks differing in 
nominal length by increments of one millionth 
of an inch. In the comparisons a statistical 
design developed in the Bureau’s statistical 
engineering laboratory was employed. This 
schedule of observations provides values for 
comparisons of the ten gauge blocks in all 
possible pairings even though only a limited 
number of pairings are actually measured directly. 
The length difference for each of the pairs is 
obtained as a simple least square solution that 
is free of bias due to experimental, instrumental, 
or observational characteristics. The overall 
results are thus well balanced and favour no 
particular comparison. The results of the gauge 
block comparisons indicated that the least square 
solution for the lengths of the gauge blocks had a 
probable error of three one-hundred-millionths 
of aninch. The largest spread between measured 
comparisons and the least square solvtion was | -1 
ten-millionths of an inch with a probable error 
for each measured comparison of eight one- 
hundred-millionths of an inch. Thus, the evidence 
shows that the comparator can be used to 
make individual comparisons of gauge blocks, 
such as are ordinarily required in comparing a 
gauge block with a standard, to a precision of 
one ten-millionth of an inch. 

The results of this experiment will also serve 
as a guide in designing a second model of the 
interferometer to measure the absolute length of 
the Bureau’s primary standard gauge blocks. 
The experiment demonstrates that the precision 
of alignment of the reference fringe with the 
cross hair is such as to allow for a probable 
error of eight one-hundred-millionths of an inch. 
On this basis, computations show that in order to 
hold the overall probable error to one ten-millionth 
of an inch, the probable error resulting from the 
additional variables involved in measuring absolute 
lengtii should not exceed six one-hundred- 
millionths of aninch. The variables that must be 
accurately controlled in the absolute measure- 
ment include pressure, temperature and humidity 
of the air ; temperature and thermal expansion 
coefficient of the gauge block material, and the 
phase change occurring at reflection from the 
surfaces of the gauge block and the flat plate. 
This phase change is a function of the 
material and the surface finish. 


For the routine comparison of gauge blocks, 
the comparator design makes the variables 
mentioned above much less significant. For 
example, the optical paths and the gauge blocks 
being measured are in close proximity, which 
minimises the temperature effects. In addition, 
the gauge blocks may be conveniently inter- 
changed between the two light beams. This 
procedure cancels out the effects of constant 
temperature gradients and residual effects due 
to the optics of the interferometer. Also, the 


fact that measurements are made at two points 
closely spaced in the field of the interferometer 
imposes less stringent requirements for con- 
stancy of surface on the optical parts and the flat 
plate. 
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** Borazon ’’ Synthetic Diamond-Like 
Material 

““BORAZON” is a cubic boron nitride. It 
scratches diamond with ease and remains hard 
at temperatures where diamond literally burns 
up. Dr. Robert H. Wentorf, of the General 
Electric Research Laboratory, Schenectady, New 
York, the discoverer of borazon, has demon- 
strated by scratch tests and other methods that 
the new material is “in the same general range 
of hardness as diamond and thus many times 
harder than the next-ranking materials in the 
hardness scale.” 

With regard to relative hardness, borazon 
scratches diamond almost exactly as diamond 
scratches diamond and diamond scratches 
borazon. In actual lapping tests, borazon 
powder has polished away the surface of a large 
diamond at the same rate as diamond powder. 
But in another important characteristic borazon 
appears to be superior to diamond, which, being 
carbon, literally “burns up” in air at about 
1600 deg. Fah.,as shown in the accompanying 
illustration. Borazon can withstand temperatures 
ef more than 3500 deg. Fah., and thus should be 
better for many industrial applications. The 
General Electric Company believes that the 
resistance to oxidation of borazon will make 
possible superior methods of mounting stones in 
industrial tools and also may allow bits and 
wheels to be operated at higher speeds, perform- 
ing their cutting and polishing tasks more 
quickly and efficiently. The first borazon 
exhibited by the firm consists of tiny crystals no 
larger than grains of sand, but even in this form 
the material is expected to be suitable for a 
variety of industrial uses. Ordinary boron 


nitride is a white solid material similar in 
slipperiness, density, and crystal structure to 
Pressures above 1,000,000 lb 


black graphite. 
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per square inch and temperatures exceeding 
3000 deg. Fah. were used to produce crystals of 
boron nitride with a structure that is not 
hexagonal, like graphite, but cubic, like diamond. 
X-ray diffraction tests of borazon showed that 
the alternate atoms of boron and nitrogen are 
packed together almost as closely as the carbon 
atoms in diamond. The density is also about the 
same, the specific gravity being 3-45 for borazon 
and 3-50 to 3-56 for diamond. 


Enrico Fermi Professorship at the 
University of Chicago 


PLANS to endow an Enrico Fermi Distinguished 
Service Professorship at the University of 
Chicago, in memory of the renowned nuclear 
physicist, were announced recently by Dr. M. J. 
Kelly, president of the Bell Telephone Labora- 
tories. Dr. Kelly will serve as chairmam of a 
national committee to establish the Professorship. 
The Prefessership will be at the University’s 
Institute of Nuclear Studies and is intended to 
perpetuate and memorialise Dr. Fermi’s scientific 
contributions. He was both teaching and con- 
ducting research at the Institute at the time of his 
death in 1954 

Enrico Fermi is perhaps best kamown as 
the first man to achieve the controlled release 
of nuclear energy. His classic experiment in 
this field was carried out at the University of 
Chicago, where, on December 2, 1942, the first 
controlled nuclear chain reaction was demon- 
strated. Other of his many achievements include 
studies which led to artificially produced radio- 
activity and to the control of thermal neutrons. 
In 1938 he was awarded the Nobel Prize “ for 
his identification of new radioactive elements 
produced by neutron bombardment and his dis- 
covery, made in connection with this work, of 
nuclear reactions effected by slow neutrons. * 
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Sequence of photographs taken at thirty-second intervals showing a diamond burning up while a piece of 
‘**Borazon’’ is not affected at temperature in excess of 1600 deg. Fah. 
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Personal and Business 


Appointments 


Mr. E. Dacre Lacy has been appointed sales 
director of Technivision, Ltd. 

Mr. Eric GREENWOOD has been appointed manager 
of Modern Machine Tools, Ltd. 

Mr. Rosert S. Ewinc has been appointed director 
in charge of production of C.A.V., Ltd. 

Mr. Eorn C. Mexie, Comp. LE.E., has been 
appointed chairman of the Airscrew Company and 
Jicwood, Ltd. 

Mr. HAROLD Best-DEvEREUX has been appointed 
chief of the sales organisation of Edgar Percival 
Aircraft, Ltd. 

NEWMAN Inpustrigs, Ltd., has announced that 
Mr. J. P. Hatfield has been appointed manager of 
machine tool sales. 

NEWALL Group Sates, Ltd., has announced that 
Mr. Edwin C. Murphy has been appointed sales 
controller of its Keighley division. 

Mr. F. Waruurst, M.LE.E., has been appointed 
commercial director of the Brush Electrical Engineer- 
ing Company, Ltd., Loughborough. 

Mr. ARNOLD W. Lee has been appointed managing 
director of the Norton Grinding Wheel Company, 
Ltd., in succession to Mr. John C. Ewer. 

THe WELLMAN Bispsy Company, Ltd., has 
announced that Mr. E. Biltcliffe, technical general 
manager, has been appointed a director. 

Mr. G. B. Loncsotrom, A.M.I.Mech.E., has been 
appointed deputy technical manager of the Hymatic 
Engineering Company, Ltd., Redditch. 

Arr CONTROL INSTALLATIONS, Ltd., has announced 
that Mr. G. E. Clifford has been appointed technical 
director and Mr. H. C. S. Brand works director. 

Tue British INDIA STEAM NAVIGATION COMPANY, 
Ltd., has announced the appointment of Mr. Kenneth 
Alfred Miller as commodore chief engineer officer of 
its fleet. 

Mr. Epwin Ernest GREEN has been appointed 
planning engineer at James Motor Cycles, Ltd., in 
succession to Mr. John Bernard Crump, who has 
retired. 

THe CENTRAL ELECTRICITY AUTHORITY has 
announced that Mr. E. Forth, M.I.Mech.E., has 
been appointed generation operation engineer, head- 
quarters. 

THE FEDERATION OF CIVIL ENGINEERING CON- 
TRACTORS states that Colonel A. C. Newman, V.C., 
has been elected chairman of the Council, and Mr. 
E. C. Beck, vice-chairman. 

Lioyp’s REGISTER OF SHIPPING announces that 
Mr. H. B. Siggers, principal surveyor to Lloyd’s 
Register of Shipping, Sweden, is to be transferred 
this month to head office in London. Mr. Carl J. G. 
Jensen will succeed Mr. Siggers. 

THE COUNCIL OF BriTISH MANUFACTURERS OF 
PETROLEUM EQUIPMENT states that Captain G. P. 
Claridge has relinquished his position as chief 
executive of the Council for reasons of health. 
Mr. G. V. Sims has accepted the post of director of 
the Council, having relinquished the chairmanship. 

THe Society OF Motor MANUFACTURERS AND 
TRApDERS, Ltd., states that the following honorary 
officers have been elected for 1957/58: Mr. A. S. 
Dick, president; Mr. F. A. Perkins, deputy president, 
and Mr. Reay Geddes and Mr. F. J. Hurn, vice- 
presidents. Mr. W. G. Rootes becomes honorary 
treasurer. 

RALEIGH INDusTRIES, Ltd., has announced the 
appointment of Mr. J. T. H. Comber, general sales 
manager, as a director of Raleigh Industries of East 
Africa, Ltd. Mr. Michael H. Claye, director and 
secretary of Raleigh Cycle Industries, Canada, Ltd., 
has been appointed joint managing director of Raleigh 
Industries of South Africa, Ltd. 

Tue MINISTRY OF TRANSPORT AND CIVIL AVIATION 
has announced the appointment of Mr. J.J. Liptrott, 
M.LC.E., as divisional road engineer, Wales and 
Monmouth division, in succession to Mr. L. Cleaver, 
who is retiring on July 31. Mr. E. B. Holiday, 
A.M.LC.E., has been appointed to succeed Mr. 
Liptrott as deputy chief road engineer, Scotland. 


Business Announcements 


T.I. Avuminium, Ltd., states that Mr. W. H. 
Bowman has resigned from the board of directors. 

JOHNSON AND PHILLIPS, Ltd., has announced the 
retirement of Sir Herbert Barber, manager of its 
Manchester branch.for forty-four years. 

Power Jacks, Ltd., states that its sales office has 
moved from Valetta Road, Acton, to new premises at 
353, Uxbridge Road, London, W.3 (telephone, Acorn 
8692/3). 


PRECISION Russers, Ltd.,. Bagworth, Leicester, 
states that it is building a new factory, adjacent to its 
existing premises at Shepshed, for the production of 
silicone rubbers. 


JOHNSON AND PHILLIPs, Ltd., has announced that 
Mr. Frank Clifford Morris, manager of the export 
department, has retired after thirty-five years’ service 
with the company. 


Mr. WILLIAM EpMUND BULLOCK, production 
director of Guy Motors, Ltd., has resigned his 
position. He will continue to serve the company as 
consultant engineer. 


British OxYGEN Gases, Ltd., states that it is to 
build a new oxygen compressing station at Mosley 
Road, Stretford, to meet increased demands for the 
gas in the Manchester area. 


DAIMLER-BENZ A.G., of Stuttgart, has announced 
that distribution of all its products in Great Britain 
will be handled through its associate company, 
Mercedes-Benz (Great Britain), Ltd. 


DraG SCRAPER AND ENGINEERING COMPANY, Ltd., 
States that its name has-been changed to Drag 
Scraper and Conveyor Company, Ltd., and that it 
has moved to Regis House, King William Street, 
London, E.C.4. 


Mr. ARNOLD BROOKSBANK, M.I.C.E., chartered 
civil engineer, states that he has taken into partner- 
ship his son, Mr. Hugh R. Brooksbank, A.M.LC.E., 
and that the name of the firm will henceforward be 
Arnold Brooksbank and Son. 


Marrtonair, Ltp., states that it has granted a selling 
agency for hoists only in Spain to Industrial Alonso, 
Apartado 336, Gijon, Spain. It has also announced 
that an office has been opened in Scotland. at 28, 
Houston Street, Glasgow, C.3. 


TiLTMAN LANGLEY, Ltd., Redhill Aerodrome, 
Surrey, states that it has concluded an agreement 
with Reynolds Metals Company of U.S.A., for the 
introduction into the United States and Canada of its 
soft soldering aluminium process. 


HUNTING PERCIVAL AIRCRAFT, Ltd., Luton; Bed- 
forshire, and the de Havilland Aircraft Company, 
Ltd., Hatfield, Hertfordshire, announce their intention 
to collaborate in the introduction of the jet Provost 
trainer aircraft in the export markets. 


COMMERCIAL P astics, Ltd., has announced the 
formation of three new marketing companies, at 
present operating from its head office at 1, Avery 
Row, London, W.1. They are : Commercial Plastics 
(Sales), Ltd. ; Fablon, Ltd., and Tridon, Ltd. 


GEORGE ELLISON, Ltd., states that its branch office 
in London, and also that of its associate company, 
Tufnol, Ltd., will be transferred from Victoria Street 
to Ellison House, Connaught Place, London, W.2 
(telephone, Ambassador 3121), with effect from 
May 20. 


Gesr. STORK AND Co. N.V. HENGELO, Holland, 
announces that the Fairfield Shipbuilding and 
Engineering Company, Ltd., Govan, Glasgow, has 
entered into a licence agreement to build Stork 
single-acting, two-stroke, turbo-charged marine diesel 
engines, which cover a power range from 2500 b.h.p. 
to 15,000 b.h.p., for main propulsion purposes. 


Contracts 


THE PULSOMETER ENGINEERING COMPANY, Ltd., 
Reading, Berks, has received a contract worth over 
£120,000 to supply sewage pumping plant in con- 
nection with Singapore’s development schemes. 


PETROCARBON DEVELOPMENTS, Ltd., has received 
an order for the design of a large-scale polystyrene 
plant in Poland. The value of services and equipment 
supplied from this country will be approximately 
£350,000. 


THe Esso PETROLEUM COMPANY, Ltd., has placed 
orders for two tankers with Vickers-Armstrongs, Ltd., 
for delivery in 1962 and 1963, and one tanker with 
Kockums Mekaniska Verkstads A/B, for delivery in 
1961. Each ship has a deadweight of 47,400 tons, 
but this may be increased to 65,000 tons at the option 
of the owners. 


G. AND J. Weir, Ltd., has received an order for the 
main coolant pumps in the pressurised water circuit 
of the land-based reactor prototype, at Dounreay, of 
Britain’s first nuclear-powered warship, H.M. Sub- 
marine “‘ Dreadnought.” The pumps will be of the 
“canned motor” pattern and are being developed in 
collaboration with the English Electric Company, 
Ltd. 





THE Power-Gas Corporation, Ltd., Stockton-on- 
Tees, states that a further order has been placed with 
its licensees, Mitsubishi Chemical Machinery Manu- 
facturing Company, Japan, by the Osaka Gas Com- 
pany for a carburetted water gas plant for the Tori- 
shima Works. This order follows the installation of a 
similar plant at the Iwasaki Works. Each installation 
has a daily productive capacity of 24,000,000 cubic 
feet and comprises four units incorporating dry base 
mechanical generators and reverse flow chequerless 
carburetting system for the use of heavy oil fo: 
enrichment. 


UsKMOUTH “ B”’ Power STATION.—The Centra! 
Electricity Authority has received the consent of the 
Minister of Power to the extension of Uskmouth power 
station, Newport, Mon, by the construction on the 
same site of a second station, Uskmouth “ B,” which 
will have a total installed capacity of 360MW from 
three 120MW.turbo-generator sets and three reheat 
boilers. Uskmouth “ A” power station also has an 
installed capacity of 360MW. 


Massey - HARRIS- FERGUSON (Export),  Ltd., 
Coventry, and F. Perkins, Ltd., Peterborough, have 
announced the receipt of orders to supply Yugoslavia 
with £2,500,000 worth of agricultural machinery. 
The contracts cover 2200 Ferguson tractors, 12,500 
Ferguson implements and accessories to be delivered 
to Industrija Traktora, Belgrade, and 240 self- 
propelled combine harvesters, which are now being 
delivered to Zmaj Zemun by Massey-Harris-Ferguson 
(Export), Ltd. All the tractors will be fitted with 
three-cylinder P3 (TA) diesel engines, manufactured 
by F. Perkins, Ltd. The combine harvesters are 
fitted with Perkins diesel engines as standard equip- 
ment. 


RHODES, BRYDON AND YOuATT, Ltd., has received 
an order from Boving and Co., Ltd., for the supply 
of seven vertical drainage pumps for installation at 
the Kariba power station in Rhodesia. Four 3in, 
three-stage ““ Mopumps”’ delivering 200 g.p.m. over 
a head range of 83/130ft, will be installed in three 
power station drainage sumps. They will run at 
1450 r.p.m. and will each be driven by a 174 h.p. 
motor. Two 9in pumps, each with a capacity of 
2000 g.p.m. (90 b.h.p. and 1450 r.p.m.), will be 
installed for draining the draught tubes and turbine 
casings and one 14in pump—capacity 4000 g.p.m. 
at 85ft head and 950 r.p.m., driven by a 170 b.h.p. 
—e be installed to dewater the tail race 
tunnel. 


Miscellanea 


Jet AIRLINER VARIANT.—A version of the De 
Havilland “* Comet,” promising reduced operating 
costs, has been proposed. It will be recalled that 
operation of the “* Comet ’”’ I showed that the costs 
would be notably higher than for turbo-prop air- 
craft (see page 291, February 22, 1957), but operating 
costs have been reduced by the substitution of Rolls- 
Royce “ Avon” engines for ‘‘ Ghost ” centrifugals. 
The price of the new version will be lower—standing 
charges formed about 17 per cent of total aircraft 
costs—and the cost per seat mile further reduced by 
a 10 per cent increase in accommodation. To hold 
two more rows of seats the fuselage would be 
lengthened 38in, rendering it 21ft longer than the 
original design. The all-up weight remains at 
152,500 lb, the external fuel tanks being discarded. 
The capacity payload of 20,000 lb could be carried 
over a 2000 statute mile stage, or 2600 statute mile 
cruising at under 500 m.p.h. in the stratosphere ; 
the “Comet” 4 on order for B.O.A.C. carries a 
maximum of 14,500 Ib 3000 statute miles. There are 
at present no orders for the medium-range ‘* Comet ” 
4A or the new 4B. 


INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
SCOTLAND.—A special meeting will be held in Glasgow 
from June 25 to June 27, to celebrate the centenary 
of the founding of the Institution of Engineers and 
Shipbuilders in Scotland. On Tuesday, June 25, the 
meeting will open at 10 a.m. with a technical session 
in the Rankine Hall, when Sir Harold Yarrow, Bt., 
will give his presidential address, followed by the 
reading of two papers, “A Short Biography of the 
First President, Professor W. J. Macquorn Rankine,” 
by Professor J. Small, D.Sc., Ph.D., and ‘* Nuclear 
Power for Ship Propulsion,’ by S. L. Smith, D.Sc., 
and J. E. Richards, B.Sc. (Eng.), Ph.D. A tour of 
the city has been arranged for the ladies during the 
morning. Visits to various works have been organised 
for the delegates in the afternoon and there will be a 
banquet and dance in St. Andrew’s Halls in the 
evening. On Wednesday there will be an all-day 
excursion to the Firth of Clyde, while the programme 
for Thursday includes works visits and excursions 
followed by a reception, in the evening, by. the Lord 
Provost and magistrates of the City of Glasgow at 
the City Chambers, George Square. 
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When an i ton is ¢ icated from abroad the name and 
dress of the communicator are printed in italics. When an 
ibridgment is not illustrated the specification is without drawings. 
(he date first given is the date of application ; the second date, 
ut the end of the abridgment, is the date of publication of the 
amplete specification. Copies of specifications may be obtained 
at the Patent Office Sales Branch, 15, Southampton Buildings, 
Chancery Lane, W.C.2, 3s. 6d. each. 





AIRCRAFT 


773,793. April 29, 1954.—De-IcING MEANS FOR 
HELICOPTER RoToR BLADES, Joseph Lucas 
(Industries), Ltd., Great King Street, Birming- 
ham, 19. (Inventors: John Stanley Clarke and 
Geoffrey John Hudson.) 

Referring to the drawing, the combustion chamber 
A, of a shallow cylindrical form, has a number of 
radially extending flue pipes B, the number of which 
correspond to the number of the rotor blades. At 
the centre of the lower side of the combustion cham- 
ber is a circular air inlet C which surrounds a sta- 








ion swirl-t fuel spraying nozzle D at the 
aon a of TP naliow blade rotor shaft E, the 
discharge end of the nozzle being surrounded by an 
annular air swirler F. The combustion chamber and 
flue pipes are enclosed by an air jacket G. The 
jacket has at its upper side a central air inlet H 
enclosed by a cap J. The jacket is also supplied by 
the inlet K which feeds the combustion chamber 
inlet C. In addition to the above-mentioned air 
admission inlets of the combustion chamber, other 
inlets L may be provided at positions as shown for 
admitting additional air to the said chamber from 
the jacket. The arrangements of the air swirler F 
and the air inlets of the combustion chamber produce 
a toroidal ring of swirling air in the chamber around 
the fuel spray, and so ensure concentration of com- 
bustion in the central region of the chamber. The 
hot gases flow from the chamber along the flue pipes, 
whence they are discharged into the outlets of the 
air jacket, the resulting mixture of hot gases and air 
being then conducted by associated pipes M along 
to pipes extending along the interior of the leading 
edges of the rotor blades for effecting the required 
de-icing or prevention of ice formation, the gases 
being discharged from the blades through rear out- 
lets in the blades. Ignition of the combustible 
mixture in the combustion chamber may be effected 
by any convenient electrical means, for example, by 
a sparking plug combined with the spray nozzle. 
Fuel is conveyed to the nozzle by a feed pipe N 
extending along the interior of the rotor shaft, and a 
high tension electric cable O connected to the sparking 
plug is also accommodated in the shaft—May 1, 
1957. 


PIPELINES 


774,179. September 29, 1953.—FLow ConrTROL IN 
Prrevines, John Handley, Little Marland, 
Briar Hili, Purley, Surrey. 

The invention relates to a valve fitting for control- 
ling the flow of fluid in pipelines and includes a 
valve plate ingerted between the ends of two sections 
of pipe. Referring to the drawing, pipe sections A 
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and B, to be welded into a line, are provided: with 
flanges C and D interconnected by bolts and distance 
pieces. The valve plate G is notched at E to pivot 
about one of the bolts between open and shut posi- 
tions in the gap between the adjacent ends of the 
sections. This plate has a solid end and an apertured 
end. The sealing means includes packing rings F, 
the sides of the plate G, a backing ring H, a packing 
ring J, and a clamping band K. The pipe section B 
protrudes spigot-fashion through its flange and so 
provides accommodation between the flange and the 
plate for the ring, the band and the lip. The free 
ends of the clamping band K are interconnected by 
an adjusting screw L journalled in a trunnion, the 
screw being operable to release or tighten the band. 
M is a steady for maintaining the band K in a con- 
venient position for releasing and tightening. Modi- 
fied designs are also shown in the specification.— 
May 8, 1957. 


TRANSPORTERS 


773,089. July 19, 1954.—ROLLER TRACK CONVEYORS, 
Rolls-Royce, Ltd., Nightingale Road, Derby. 
(inventor: Charles William Green.) 

In the roller conveyor arrangement shown in the 
drawing, the main body of the conveyor is shown at 
A and consists of parallel side members B supported 
from base members C by uprights D and braced by 
bracing members E. Between the side members 
extend anti-friction rollers F over which will run the 





















































(oe 


ED 


No. 773,089 


rectangular trays, one of which is shown in dotted 
lines at G. All this is according to common practice. 
According to this invention there are provided two 
other conveyor units H supported from a base in the 
same way as the main part of the conveyor, but having 
a triangular top with rollers J of gradually diminishing 
length. The shape of the member H can vary from 
that illustrated. In particular, the forward angle 
could be rounded or the forward side (or hypotenuse 
of the triangle) formed as an arc thus giving a curved 
passage. When two of these are secured, one to each 
end of the conveyor A, they will provide an oblique 
passageway K across the conveyor through which an 
operator can pass from one side of the conveyor to 
the other. This passageway, however, is not so wide 
that ‘during the passage across the tray will not be 
supported by both the parts H before it ceases to be. 
sufficiently supported. Other constructions described 
in the specification show oblique and zig-zag passage- 
ways.—April 24, 1957. 


TUBE AND PIPE COUPLINGS 


773,159. January 27, 1955.—HiIGH-TEMPERATURE 
Pree Jomrs, Metropolitan-Vickers Electrical 
Company, Ltd., St. Paul’s Corner, 1-3, St. Paul’s 
Churchyard, London, E.C.4. (Inventor: Richard 
William Bailey). 

The joint packing member comprises an alloy steel 
having high-temperature creep properties, which 
are suitable for use in manufacturing the abutting 
parts of the joint. The packing member is faced with 
a thin layer of nickel which is intimately bonded to 
it by deposition fusion or electrolytically. The 
member is preferably machined or otherwise surfaced 
ready for use, the final thickness of the nickel layer 
being of the order of 0-020in. The drawing illustrat- 
ing the invention applies to a joint between a spigot 
and a socket, the joint packing member being located 
in the socket, and is thereby fully constrained in the 
outward radial direction. The joint member has a 
thin layer of nickel deposited on its jointing surfaces. 


INTERNAL COMBUSTION ENGINES 


773,133. October 14, 1955.—VerTICAL Dieser 
Enome, Aktiengesellschaft fur Unternehmungen 
der Eisen- und Stahlindustrie, Altendorferstrasse, 
103, Essen, Germany. 

The invention relates to a vertical diesel engine 
operating with fuel oil or like fuels, and it aims at 
simplifying the maintenance of the engine. It con- 
sists in providing a cover plate or a special oil collect- 
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ing trough beneath the swept surface of the cylinder 
with a heating device whereby the viscous residues 
are made more fluid by heat and can be conducted 
away by suitable waste pipes. In order that the lubri- 
cation of the swept surfaces of the piston and piston- 
rod should not be affected by heating of the lubricated 
surfaces, the heating device is placed some distance 
from the swept surfaces, preferably beneath the 
stuffing-box for the piston or piston-rod. In the draw- 
ing, A is the cylinder and B the piston, carrying at its 
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lower end piston rings C, which, on the downstroke 
of the piston, strip down dirty oil on to the cover 
plate D of the crank space. This contains the piston- 
rod stuffing-box E and is carried on supports F on 
which are guides for the shoe G of the crosshead H. 
The cover plate ‘is provided with a heating space J 
which is supplied with heating fluid, e.g. hot water, 
through a pipe K. The heating space does not extend 
up to the stuffing-box in order to prevent the lubricat- 
ing oil at this point being heated and becoming too 
fluid, so that satisfactory lubrication is ensured. 
The cover plate is inclined so that the collected 
residues, rendered fluid by the heat, can drain con- 
tinuously through a drain, not shown. Modified 
— also shown in the specification.—April 
, 1957. 


774,301. June 12, 1954.—THE STARTING OF INTERNAL 
ComBUSTION ENaines, Ruston and Hornsby, Ltd., 
Sheaf Iron Works, Waterside South, Lincoln. 
(Inventor : Gilbert Jamieson.) 

The invention relates to the starting of internal 
combustion engines of the compression ignition or 
diesel type, by heating the air being taken into the 
cylinder of the engine without causing an excessive 
reduction in the oxygen content of the air. It also 
provides a starting arrangement of simple design 
with simplified controls. As shown in the drawing, 
there is branched into the engine air manifold A, 
a combustion pipe B, which is open to the atmosphere 
at the outer end C and has a venturi formation D. 
The combustion pipe is normally closed by a valve E, 
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which, outside the pipe, carries an operating arm F, 
having a pin-and-slot connection to a rod G, con- 
stituting the core of a solenoid H. The engine fly- 
wheel J can be cranked by an engine starter motor K. 
The.auxiliary fuel supply to the combustion pipe B 
is brought through a pipe L from a hand-pump or 
tank to a spray nozzle M. A hot wire igniter N is 
located within the pipe B inwardly of the spray 
nozzle. A single manually-operated switch O brings 
an electricity supply and serves three functions, 
simultaneously, namely, to energise the starting 
motor, to energise the valve-operating solenoid, and 
to heat the igniter wire. With the solenoid energised, 
the core or rod G is raised and the valve is opened. 
The release of the solenoid allows the rod to fall 
under its own weight and to reclose the valve. Where 
it is important that there should be no diminution 
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at all in the oxygen content of the intake air, the hot 
air from the combustion pipe may be kept separate 
from the intake air flowing in a jacket round the 
intake pipe so as to permit of a heat transfer.— 
May 8, 1957. 


BEARINGS AND SUPPORTS 


774,126. April 29, 1954.—IMPROVEMENTS IN BEAR- 
INGs, John Bass, “ Strathmore,” Ifield, near 
Crawley, Sussex. 

The invention relates to bearings and more par- 
ticularly to miniature bearings for supporting the 
work in measuring equipment, small lathes, milling 
machines, grinding machines and the like, the inven- 
tion having for its main object to provide an improved 
form of ball or roller fitted bearing of the kind usually 
knownJas a live centre bearing. Referring to the 
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drawing, the improved live centre bearing has the form 
of a short spindle A which terminates at one end in a 
centre point B and is mounted for free rotational 
movement in a cylindrical housing C with two sets 
of miniature ball bearings at opposite ends of the 
spindle. One end of the housing is closed by an 
annular flange D on the spindle just behind the centre 
point and which is held in place by an apertured 
cup F, while the other end of the housing is closed 
by a screw plug. The two sets of ball bearings are 
disposed between the spindle and the wall of the 
housing, and in order that they may be satisfactorily 
located in position, the forward part of the spindle 
has a frusto-conical-shaped part and the interior 
wall of the housing opposite this part is stepped, 
the two parts having concave faces so as to form a 
ball race between them. A somewhat similar arrange- 
ment is provided at the opposite end of the spindle 
for the other set of balls, the contact face on the 
spindle being formed by a detachable sleeve which is 
slidably mounted and secured in position by a”nut 
so that the position of the sleeve with respect to the 
housing may be adjusted to take up wear on the 
balls or contact faces.—May 8, 1957. 


POWER TRANSMISSION 


774,221. November 19, 1954.—AxtaL Or SEALs 
FOR RoTATING SHAFTS, Henschel and Sohn, 
G.m.b.H., 2, Henschelstrasse, Kassel, Germany. 
( Inventors : Erich Schreiber and Willi Ruppel.) 

The invention relates to axiai oil seals or packings 
for rotating shafts, particularly for motor vehicle 
gearboxes, rear axles and like parts. According to 
the drawing, an oil deflector disc A is mounted on 
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and rotates with the shaft B, and is situated between 
the bearing C and the fastening nuts D. A packing 
ring E, of cast bronze, rubs against the deflector 
disc A. The ring which forms in cross-section a 
channel F is vulcanised on to an annular rubber 
bellows G, which in turn is secured to the housing 


by its forked end H, over an annular pro- 
jection of the housing. The oil which is thrown out 
from the bearing C strikes the deflector disc A, 
which hurls it into the annular space K, from which it 
flows off through the passage L into the oil collecting 
chamber. Drops which collect in the channel F, 
flow into the passage L for discharge to the 
oil collecting chamber. In this way oil is pre- 
vented from passing to the sealing faces which 
are therefore maintained practically free from oil. 

Modified constructions are also shown in the specifi- 
cation.—May 8, 1957. 
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Launches and Trial Trips 


Foutaya, fruit carrier; built by the Chantiers 
Réunis Loire-Normandie for the Compagnie de 
Navigation Fruitiere ; length between perpendiculars 
344ft 6in, breadth moulded 50ft 64in, depth to shelter 
deck 34ft 54in, draught 18ft_10in, deadweight 4100 
tons, service speed 16 knots ; twelve passengers ; 
three ammonia compressors, eight 2/5-ton derricks, 
electric deck machinery, three 280kW diesel-driven 
generators; one Burmeister and Wain Mark 
7.62 VTBF 115 diesel engine. Trial, March. 

STEENWUK, cargo ship ; built by the Chantiers de 
l’Atlantique for the N.V.S.M. Wijklijn ; length over- 
all 442ft 9in, length between perpendiculars 427ft, 
breadth moulded 61ft, depth to shelter deck 40ft 6in, 
draught 27ft, deadweight 11,000 tons, grain capacity 
664,000 cubic feet, speed 14 knots; three 180kW 
generators ; Sulzer “* 7 SD 72” diesel engine of 4900 
b.h.p. Trial, March. 

PROTEE, cargo ship; built by the Ateliers et 
wr de Bretagne for the Société Navale Caen- 

; length overall 423ft 2in, length between per- 
cuaaiaiiens 397ft 34in., breadth moulded 49ft 1lin, 
depth 28ft 6in, draught 21ft O}in, for 7000 deadweight, 
speed at 80 per cent h.p. and 7000 tons deadweight, 
134 knots; two S.E.M.T. Pielstick four-stroke 
single-acting, supercharged diesel engines, each of 
2560 h.p. at 420 r.p.m., driving through hydraulic 
couplings and a reduction gear. Trial, March. 

Port LAUNCESTON, shelter deck cargo liner ; built 
at Belfast by Harland and Wolff, Ltd., for the Port 
Line, Ltd.; length overall 490ft, length between per- 
pendiculars 460ft, breadth moulded 65ft 6in, depth 
moulded to upper deck 41ft 6in, gross tonnage 8950 ; 
five main cargo holds ; one 70-ton, four 15-ton, four 
10-ton, six 5-ton derricks, and one 3-ton crane ; 
electric winches ; three 360kW diesel-driven gener- 
ators ; Harland "and Wolff single-acting, ~ 
opposed-piston diesel engine, seven cylinders, 7 
diameter by 2000mm combined stroke, 112 r.p.m. 
Trial, March 12. 

MENELAUS, cargo liner; built by the Caledon 
Shipbuilding and Engineering Company, Ltd., for 
Alfred Holt and Co.; length overall 495ft, breadth 
moulded 65ft, depth moulded to upper deck 36ft, 
deadweight 9800 tons, sea speed 15 knots ; twelve 
passengers ; five cargo holds, one 35-ton, two 15-ton, 
six 10-ton and eighteen 5-ton derricks, electric 
winches ; two 450kW diesel-driven generators, one 
250kW diesel-driven emergency generator ; 
exhaust turbo-pressure-charged, single-acting, 
opposed piston diesel engine, 8000 b.h.p. at 112 
r.p.m. Launch, March 15. 

Kino CHARLES, cargo liner; built at Belfast by 
Harland and Wolff, Ltd., for the King Line, Ltd.; 
length between perpendiculars 435ft, breadth moulded 
59ft, depth moulded to shelter deck 39ft 9in, dead- 
weight 9500 tons ; four main cargo holds, one 50-toa, 
one 25-ton, four 10-ton, six 5-ton derricks, electric 
winches; three 125kW diesel-driven generators ; 
Harland and Wolff - B. and W. single-acting, four- 
stroke diesel engine, six cylinders, 740mm diameter 
by 1500mm stroke. Launch, March 15. 

DONEGAL, cargo liner ; duilt by Alexander Stephen 
and Sons, Ltd., for the ‘Avenue Shipping Company, 
Ltd.; length 432ft, breadth 58ft in, < depth 30ft Gin 6in, 
deep load draught 27ft 1}in, gross tonnage 6500 tons, 
deadweight 9900 tons; five cargo holds, derrick 
complement includes derricks to lift 5 tons and 10 
tons and one of 30-ton capacity ; electric winches, 
three 200kW diesel-driven generators; Stephen- 
Doxford opposed-piston, two-cycle oil engine, five 
cylinders, 670mm diameter by 2320mm combined 
stroke, 5500 b.h.p. at 115 r.p.m. Trial, March. 

RIVERBANK, cargo liner ; built by William Doxford 
and Sons (Shipbuilders), Ltd., for The Bank Line, 
Ltd. ; length between perpendiculars 450ft, breadth 
moulded 62ft, depth moulded 29ft 6in, deadweight 
10,410 tons; five cargo holds, cargo handled by 
one 25-ton, four 10-ton and ten 5-ton derricks ; 
Doxford opposed-piston oil engine, four cylinders of 
700mm diameter by 2320mm combined stroke, 
4800 b.h.p.—Trial, April 11. 





Forthcoming Engagements 


Secretaries of Institutions, Societies, &c., desirous of having 

notices of meetings inserted in this column, are requested to note 

that, in order to make sure of their insertion, the necessary informa- 

tion should reach this office not later than a fortnight before the 

meeting. In all cases the TIME and PLACE at which the meeting is 
to be held should be clearly stated. 


ASSOCIATION OF SUPERVISING ELECTRICAL 
go ttcmp 
Sat., May 25. CTS vag med 


Co! Lec! R Regen py Coll Pusey S' 
llier ture oom, t’s ege, 
re a of the Cathode-Ray Tube,” CH H. 


Boy May 29.—BRIGHTON, HOVE AND DISTRICTS BRANCH : 
I Hotel, First Avenue, Hove, “ Relays and pth 4 
Control in Industry,” W. L. Stern, 7.30 p.m. 


May 24, 1957 


COMBUSTION ENGINEERING ASSOCIATION 
Wed., May 29.—-N. ReGion: Grand Hotel, ones, “ The 
Production of Fuel Oils : Their i Storage an d Prepara. 
tion for ; “ Fuel Oil Firing for 

Furnace 7 Chippindale, aieu 


INCORPORATED PLANT ENGINEERS 

Fri., May 31.—BiIRMINGHAM BRANCH : pean Hotel, Tempk 
Street, Birmingham, ‘“ Problems,”’ 7.30 p.m. 

Tues., June 4.—LONDON BRANCH: Royal Society of Arts, John 

Adam Street, Adelphi, a, Londen, W.C.2, “ The Training 


of Plant Engineers,”” a. Wiison, 7 p.m. MANCHESTER 
BRANCH : ineers’ Club, Albert Square, Manchester, “* Air 
Compressor aintenance and Installation and Ancillary 


Equipment,”’ W. McMillan, 7.15 p.m. 


INSTITUTE OF FUEL 
Wed., May 29.—LONDON MEETING : Institution of Civi! 
Engineers, Great George Street, Westminster, London, S.W.1!, 
Mr Fuel Developments in the U.S.A.,” F. F. Ross, 
5.30 p.m. 


INSTITUTE OF NAVIGATION 
Wed. to Fri., June $ to 7.—JOINT MEETING WITH INSTITUTE FRAN- 
CAIS DE NAVIGATION AND AUSSCHUSS FUR FUNKORTUNG : 
7 Geographical Society, 1, Kensington Gore, London, 
S.W.7, “ The Avoidance of Collision by Airborne ‘and Ship- 
borne Means.”’ 


INSTITUTE OF PETROLEUM 


Wed. to Sat., May 29 to June 1.—Grand Hotel, Folkestone, 
Summer Meeting. 


INSTITUTION OF CHEMICAL ENGINEERS 
Tues. and Wed., Mav 28 and 29.—Church House, Westminster, 
London, S.W.1, Joint Symposium on “ The Scaling-Up of 
Chemical Plant and Processes.” 


INSTITUTION OF CIVIL ENGINEERS 

Tues., May 28.—WorKks CONSTRUCTION (B) MEETING : Grea 
George Street, Westminster, London, S.W.1, “ Portishead * B: 
Power Station, with particular reference to the wgpetating 
Water Works,’’ H. D. Morgan and Louis Sancha, 5.30 p. 

Thurs., May 30.—MARITIME AND WATERWAYS (B) MEETING : 
Great George Street, Westminster, London, S.W.1, “ The 
Regimen of the Thames Fstuary as Affected by Currents, 
ae and River Flow,”’ Sir Claude Inglis and F. H. Allen, 
.30 p.m, 

Tues., June 4.—Great George Street, Westminster, London, 
S.W.1, Annual General Meeting, 5.30 p.m. 


INSTITUTION OF ELECTRICAL ENGINEERS 
To-day, to Mon., May 24 to 27.—ScortisH CENTRE: Pitlochry 
Hydro Hotel, Pitlochry, Spring ae | 
Wed., May 29.—Scortisn CENTRE : Institution of Engineers and 
Shipbuilders, 39, Elmbank ondel Glasgow, Annual General 
Meeting, followed by “ >» Allt-na-Lairige tressed Con- 
crete Dam,” J. A. Banks, 7 p.m. 
INSTITUTION OF ENGINEERING DESIGNERS 
To-day, May 24.—Crown Hotel, Clayton Street, Newcastle upon 
Tyne, Annual General Meeting, 6.15 p.m. 
INSTITUTION OF NAVAL ARCHITECTS 
Thurs., June 6.—Weir Lecture Hall, 10, Upper Belgrave Street, 
London, S.W.1, “ Further Experiments on Sideways Launching 
—Series 2 and 3,” D. J. Doust, 4.45 p.m. 


INSTITUTION OF THE RUBBER INDUSTRY 
Tues., June 4.—-LONDON MEETING: Royal a A a Sours! 
Medicine and a 2 26, Portland Place, 
”"— U.S. Ss “ Rubber 
for ea "Fligh Low Temperatures and Chemical Resistance, 
ling, 6 p.m. 

INSTITUTION OF WATER ENGINEERS 
To-day, Pa. 24. “ey Be Atlantic Motel, Weston-super-Mare, 
62nd Summer General Meeting. 

ROYAL AERONAUTICAL SOCIETY 
Tues., May 28.—S8CTION LecTURE : 4,-Hamilton Place, London, 
w.1, “ Flight Instruments,” F. W. Meredith, 7 p.m. 
ROYAL INSTITUTION OF CHARTERED SURVEYORS 
Mon., May 27,—12, Great George Street, Westminster, London, 
S.W.1, Annual General Meeting, 5 p.m. 
ROYAL METEOROLOGICAL SOCIETY 
To-day, May 24.—JoIntT SYMPOSIA WITH THE ROYAL ASTRO- 
Socrery : Royal Astronomical Society, Burlington 
House, Piccadilly, London, W.1, “‘ Planetary Atmospheres 
and Convection in Rotating Fluids.”” 
ROYAL SOCIETY OF HEALTH 


Wed., June 12.—LONDON SESSIONAL MEETING : 90, Buckingham 
Palace Road, London, S.W.1, “ ph e Effects of Radiation on 
the Individual, ” F. G. Spear, 3 30 p. 


SOCIETY OF CHEMICAL INDUSTRY 
Tues., June 11.—CHeMICAL ENGINEERING Group: 14, Belgrave 
Square, London, S.W.1, “‘ Granulation,’ W. C. Peck, 5.30 p.m. 
omy OF INDUSTRIAL RADIOLOGY 
To-day, May —Lonbo! pe. nae Institute of 
Reticleay, Fs “Welbeck "Street, 1, “ Investment 
Castings an d Their Inspection,” Mr. T gn MO 7pm. 
SOCIETY OF INSTRUMENT TECHNOLOGY 


Tues., May 28.—Manson To anes Place, London, W.1, 
Annual General Meeting, 6 





Advanced Engineering Courses 


Industrial Engineering —Department of Industrial Engineering, 
a College of Technology, Leicestershire. 
: —— post-graduate course. September 17, 1957, to 
uly il, 


Road Materials and Road Research Laboratory, 
Harmondsworth, West Drayton, Mi . Soil Mechanics, 
Course No. 25A, October 1 to 10 ; ye bag 26A, October 15 

to 24. Bituminous (including tar) Mi aterials, Course N. 

October 28 to November 8 ; No. 

to22. Concrete, Course No. 25C, November 26 to December 5; 

we No. 26C, December 10 to 19. Fee for each course 

















